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Preface 


Being in doubt, arrive at truth. 


Cicero 


This book was written for senior schoolchildren 
and presents a series of physical paradoxes and 
sophisms differing in theme and complexity. 
Some of them were known long ago, yet most are 
published for the first time. 

“Sophism” and “paradox” are Greek words. A 
sophism (софісцо) is an argument, though appar- 
ently perfectly correct in form, actually contains 
an error that makes the final deduction ab- 
surd. A well-known sophism is "That which you 
did not lose, you possess. You have not lost 
horns, hence you possess them." 

On the contrary, a paradox (mapaéo§ot) is 
a statement that seemingly contradicts common 
sense, yet in fact is true. For example, as a pop- 
ular Russian saying contends, "it is a fact, 
however incredible" that when combining veloc- 
ities with the same direction, the resultant veloc- 
ity is smaller than their arithmetic sum (this 
is one of the inferences of the special theory of 
relativity). 

A study of sophisms and paradoxes need not be 
thought of as a waste of time. Indeed, they were 
esteemed by such eminent scientists as Gottfried 
Leibniz, Leonhard Euler, and Albert Einstein. 
Einstein was very fastidious about his books, and 
yet he had a shelf full of books on mathematical 
jokes and puzzles. Maybe it was his early love of 
original problems that developed his Striking 
ability for nonstandard thinking, which makes 
any discovery impossible. The study of many 
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paradoxes has played an extraordinary role in 
the development of contemporary physics. 

We hope that this small collection will help 
its readers avoid making some mistakes. For 
example, senior schoolchildren and first-year 
students are often observed, in trying to solve 
ballistic pendulum problems and the like, finding 
the system’s velocity following an elastic colli- 
sion by applying the law of conservation of me- 
chanical energy only. Such mistakes will hardly 
be made again after studying the sophism in 
Problem 1.25 (a “violation” of the law of energy 
conservation). 

The first section of the collection contains the 
problems, the second section gives short solutions. 
The latter are useful to check your own solutions 
and in the cases when a problem is difficult to 
solve on one’s own. . 

The first two editions of the book were so 
popular that they quickly sold out. It has been 
translated into Bulgarian, Roumanian, German 
(two editions in GDR), Japanese, and the lan- 
guages of the peoples of the USSR. Its success 
stimulated me to compose new paradoxes and so- 
phisms, thus resulting in the present edition. In 
Preparing it, I have omitted some problems, 
revised the text and solution of others, and added 
new ones, 

Accomplishing his pleasant duty, the author 
sincerely thanks all those who made comments 
and remarks on the first and second editions of the 
ee “pecially B. Yu. Kogan, who reviewed the 

ird e 


ition. Further advice will also be ac- 
cepted with gratitude. 


The author 


Chapter 4 
Mechanics 


1.1. The Amazing Adventures 
of a Subway Passenger 


Every morning a muscovite goes to work by sub- 
way train. Although he starts work at the same 
time every day, he arrives at the subway station 
at various times each day. For simplicity we can 
assume that the time he arrives at the station is 
quite random. 

On the face of it, he thought likely to assume 
that the first train, after he reaches the platform, 
goes his way as often as it goes the opposite way. 
But how was he amazed to find that half as many 
trains go his way. 

He decided to clarify the reason for this mys- 
terious phenomenon and began to go to his work 
from another station farther away. His new ob- 
servations made him even more amazed, since 
at the latter station the case was perfectly differ- 
ent: the number of trains going his way was three 
times as many as those going the opposite way. 

Could you help the passenger to resolve the 
strange behaviour of subway trains? 


1.2. Will the Propeller-Driven Sledge Move? 


A model propeller-driven sledge set in motion by 
a propeller is placed on a conveyer belt. What 
will the model’s velocity be relative to the 
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ground if the conveyer belt and the sledge id 
ultaneously move in opposite directions, i.e. w 


the sledge be at rest or will it move in either 
direction? 


1.3. What Is a Boat Velocity? 


А man standing on a riverbank pulls up a en 
by hauling in the rope fastened to its bow wi s 
certain constant velocity u,. Let us resolve 


Fig. 1.1 


velocity u, as sh 


own in Fig. 1.1. The boat's veloc- 
ity vy will be 


| V» | = | u, | cos о, 

This formula demonstrates that the larger the 
angle о, i.e. the nearer the boat is to the river- 
bank i 


the riverbank, its velocit 
can easily be ch 
ten a thread to a pencil and pull it by the thread 
like the boat b 


ne can prove graphically that the expression 
derived do 
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1.2). Let in a certain time interval т the boat’s 
bow be displaced from point A into point B 
with the distance covered equal to AB. If AO 
is the initial position of the rope and BO is its 


0 


D 


А B c 
Fig. 1.2 


position at the end of the interval т, then by lay- 
ing off segment OD = OB on AO, we find by 
how much the rope must be pulled in (segment 
AD) for the boat to cover the distance АВ. 

The figure demonstrates that AB > AD, 
hence 


[уь | 2 dur |, 

which contradicts the formula 
| Vb | = | ur | cos с, 

since cos а < 1. 


What is the reason for the discrepancy be- 
tween theory and experiment? 
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1.4, The Strange Outcome 
of Combining Velocities 


ifti i two 
Two workmen are lifting a load P using 
ropes passing over two fixed blocks (Fig. 1.3). 


Fig. 1.3 


Let us calculate the ] 
ment, when the ro 
workmen are pul 
equal speeds, i.e. 

Guided by the 
Speed |u | 


oad’s velocity at the mo- 
рез make an angle 20 and the 
ling the rope at A and В at 
Ivy l= |у, | = |у . 
parallelogram rule we find the 
of the load to be 


| u | = 20Е = 20€ cosa = 2 | у | cos æ. 


Let us analyze the result, Suppose now the load 
is placed fairly low, with the blocks placed not 
too far away. Then the angle œ is close to 0° 
80 that its cosine can, to a high degree of accura- 


cy, be approximated to unity and the above for- 
mula yields 


lulw2 [у |. 
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The absurdity of this expression is obvious: а 
load cannot rise at a velocity exceeding that of a 
rope hauling in! This means that our reasoning 
is faulty. What is wrong? 


1.5. What Is the Average Velocity? 


A motorcyclist moved from point A to point B 
at 60 km/h. He returned along the same route at 
40 km/h. Find the average velocity of the motor- 
cyclist for the whole travelling time neglecting 
only the time he stopped at point B. 


1.6. Less Haste, Less Time Waste! 


Suppose we want to find the initial velocity of a 
stone thrown vertically, which after 4 s has 
risen 6 m. 

The initial velocity of a body uniformly accel- 
erated in a straight-line motion in this case is 


2s— at? 


dm 


Calculate v, for our situation by assuming the 
acceleration due to gravity —10 m/s? (the minus 
sign indicates that the acceleration is in the oppo- 
Site direction to the body's motion): 


_ 2х6 m+10 m/s? X 16 s? 
2x4s 


Uy = 21.5 m/s. 

How must the initial velocity be changed in 
order for the stone to reach the same height 
(6 m) in half the time? The need for an increase 
in the velocity seems to be obvious, but do not 
be hasty! 
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Suppose the stone reaches 6 m in 2 s rather 
than 4 s, then we obtain 


4 2х6 4-10 m/s? x4 s? Р 
v, рота = 13 m/s. 


Indeed, this appears to be something like the 
proverb: “More haste, less speed!”, 


1.7. “Notwithstanding” the Law of Inertia 


The first law of mechanics can be formulated as: 


a body remains at rest or is in a state of uniform 


motion in a straight line unless forced by another 
body to change Из state. 


Why then do we often observe passengers in а 
slowing down train leaning backwards and not 
forwards, as is required by the law of inertia? 


1.8. The Weight of a Diesel Locomotive Equals 
That of the Train 


where ky is the friction coefficient for the engine 
wheels all of which 


Based on Newton’s third law the tractive force 
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must be equal to the force against which the 
loco produces work, i.e. under a uniform motion 
it is equal to the friction force of the wheels of 
the train against the rails: 


| Frrac | = k; |P; |, 
where P, is the train weight. Comparing both 
expressions yields 
kı |P, | = ks | Py |. 

By cancelling out k; = k, (steel-against-steel 
friction) we arrive at an evident absurdity: 
| P, |= | Р, |, 


ie. the engine weighs as much as the train!? 


1.9. Why Are the Ends of the Shafts Lying 
in Radial Bearings Tapered? 


The friction force is given by the friction coeffic- 
ient, that is dependent on the surfaces in contact 


Fig. 1.4 


and the normal pressure force, but it is practical- 
ly independent of the area of the surfaces in con- 
tact. Why then are the ends of shafts in radial 


2—01216 
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bearings tapered, while those fixed in plain bear- 
ings are designed to be as thin as possible (Fig. 
1.4)? In some textbooks these measures are 
claimed to be taken to reduce friction. 


1.10. The Wear on the Cylinder Walls 
of an Internal- Combustion Engine 


Ап inspection of an internal-combustion engine 
that has run for a long time shows that the walls 
of the cylinders are worn most at A and B, which 


Fig. 4.5 


is where the piston stops and its motion reverses 
in direction (Fig. 4.5). 


This seems to con 
would imply that t 
nounced where the 
maximum. The force: 
rectly proportional 
high velocities) 


tradict common sense, which 
he wear would be most pro- 
piston’s velocity is at its 
S of liquid friction are di- 
to velocity and even (at 
to its square. What is the matter? 


1.11. Rolling Friction Must Vanish 


We begin this problem indir 
а rectangular bar with hei 
(the thickness is not essentia 


ectly. Suppose that 
ght b and width а 
1) is lying оп а hori- 
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zontal plane. At a height k we apply a horizon- 
tal force F. Simultaneously, a friction force 
Q equal in magnitude to F appears if the latter 
does not exceed the maximum friction force at 
rest: | Quas | =k | P | (Fig. 1.6a). 


Fig. 1.6 


Since F and Q do not lie along the same straight 
line, they produce a moment |F|% which 
tends to turn over the bar clockwise. The larger 
the force | F | and the higher up the bar it is 
applied to, the larger is the overturning moment. 

If only the force couple | F | and | Q | existed, 
the bar would turn over whatever force F. 
In fact, a force of a certain magnitude must be 
applied to overturn the bar. Hence, a moment 
exists that prevents the bar from overturning. 
The origin of this moment can be understood quite 
easily. 

The moment of couple of forces F and Q acts 
So as to raise the left edge of the bar and press 
the right edge to the plane. As a result, reaction 
force R applied vertically upwards to bar base 
and equal in magnitude to the force of gravity 
P now will no longer pass through both the centre 
of the bottom face and bar's centre of gravity. 


2* 


20 Physical Paradoxes and Sophisms 


Instead it will pass through a point somewhat to 
the right (Fig. 1.66). The larger the modulus of 
F, the larger the overturning moment and the 
further to the right must be displaced R for 
the bar not to be turned over. Depending on the 
relationship between the magnitudes of a, b, 
h and F, two cases are possible: 

(1) The magnitude of force F will attain the 
value of | Qmax | = k | P | earlier than В leaves 
the limits of support’s contour. Then the bar 
will move along the plane without turning over. 

(2) Support reaction reaches the right-hand 
boundary of the bar bottom before | F | equals 
k |P |. Then the moment of the force couple 
R and P will not compensate for the moment of 
ed couple F and Q and the bar will be overtur- 
ned. 

Among other thin 
ticated technique 
coefficient between 
Stands on. 


Let us apply force 
k |Р |at the bottom fa 
will then be set іп unif 
gradually raise the poin 
(you can try this easil 
certain height the bar 
out slipping. 

Let us write down the 
which will describe transi 
another, i.e. the balance of forces and moments, 
which will be defined with respect to an axis pas- 
sing perpendicular to the plane of the figure and 
through bar’s centre of gravity, and considered 


gs, this suggests an unsophis- 
for determining the friction 
the bar and the surface it 


| F | slightly exceeding 
ce of the bar. The bar 
orm motion. Let us now 
t where force F is applied 
У using а shoe-box). At a 
begins to turn over with- 


"boundary conditions" 
tion from one mode to 
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as positive if the bar is rotated clockwise and 
negative if the bar is rotated anticlockwise: 


161 —1Р| = 0, 
[91 —1Е1=0, (Е = АР), 
IF|: (а) 91-5 18155 —IPI 
х0 = 0. 
Hence the friction coefficient is 
k = al2h. 


This expression shows that the experiment will 
not succeed with every type of bar: the friction 
coefficient can only be found in this way if the 
bar’s height b is such that 


b >a/2k. 


For example, for a cube where a/b = 1 the 
friction coefficient cannot be found by the “over- 
turning technique” since in the majority of real 
cases the friction coefficient is smaller than 1/2. 
However, this experiment can be realized with a 
rectangular bar whose faces are appropriately po- 
sitioned. 

Now let us formulate the sophism. Suppose 
that there is a ball and not a bar on a horizontal 
plane. It has only one point of contact with the 
plane, therefore the support reaction force and 
the force of gravity of the body will always pass 
through this point. This suggests that the moment 
of couple of forces R and P (or the sum of the mo- 
ments of these forces with respect to the contact 
point) vanishes. Hence, even if very small, any 
force exerted onto the ball must set it in rotation, 


[6423 
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In other words, the rolling friction coefficient 
must always vanish! Yet in reality this coefficient, 
though much less than that of sliding friction, 
is nevertheless greater than zero. 

Where is the fault in our reasoning? 


1.12. What Is the Force Exerted 
by a Table's Legs? 


Figure 1.7 shows a table resting on a tilted plane. 
Let the force of gravity P, applied to the centre 
of gravity C of the table, be replaced by two 
forces F, and F, parallel to P and passing through 


Fig. 4.7 


the ends of the table's legs, i.e. points A and В 
(Fig. 1.7a). The moduli of the forces F, and F; 
must sum to | P | and theirratio must be inverse- 
ly proportional to the distances from A and 
B to the line showing the direction of force P 
(the latter statement presumes that the table 
does not rotate with respect to the axis passing 
through its centre of gravity perpendicular to the 
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plane of the figure). Decomposing, at points A 
and В, forces Е, and Е, into components (not 
shown in the figure) perpendicular and parallel 
to the tilted plane, we make sure that the pres- 
sure forces exerted at A and B by table’s legs on 
the tilted plane prove to be different. 

However, one can resolve the forces as shown 
in Fig. 1.76: at first decompose the force of gra- 
vity P into the components P, and P,. The com- 
ponent P, acts so as to set the table in motion 
along the tilted plane and, since the table is at 
rest, it is compensated for by friction force. By 
decomposing P, into the components R, and R, 
which pass through points A and B, we see that 
these forces (the forces of the pressure of the ба- 
ble's legs on the tilted plane) are equal. 

Thus, the pressure exerted by the table's legs 
appears to be dependent not only on the force of 
gravity of the table, but also on the way of de- 
composing the forces which conclusion contradicts 
both common sense and experience. Hence, one 
of our arguments is faulty. 


Which one? 


1.13. A Mysterious Lever 


Let a lever (Fig. 1.8) be balanced by the forces 
Е, and F,. А force Ез applied to the lever end 
along its length is commonly believed not to dis- 
turb the equilibrium. However, we can "prove" 
this to be wrong! 

Let us take the resultant of forces Е, and Е, 
(call it R,) and the force F,, extend it to intersect 
at point C and add them. We then get a force 
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R,, which is the resultant of all three forces: 
ES Е, E. 

"The figure depicts that the extension of force 
R,, and hence its moment relative to the lever's 


Fi DEA 
Fig. 1.8 


pivot O, does not vanish. T 
must rotate clockwise. 
Is this conclusion true? 


herefore, the lever 


1.14. А Troublesome Reel 


People who are engaged in needlework know 


about the strange behaviour of reels of cotton 
that have rolled under a piece of furniture. When 
you try to retrieve the reel by pulling at the thread 
keeping it horizontal, the reel obediently rolls out 
of its "hide-out". Yet try pulling it by a thread 
at an angle and you will see the peculiar phe- 
nomenon of the reel hiding even deeper. Why does 
the reel behave in this odd way? 
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Note. И you try an experiment, you'd better 
use a nearly full reel and the angle should not be 
too small. 


1.15. Was Aristotle Right? 


The famous Greek philosopher Aristotle who 
lived in the 4th century B.C. (384-322) is known, 
not without reason, as The Father of Science. His 
contribution to the development of natural science 
including physics is tremendous. However, 
Aristotle's views and deductions do not coincide 
with those accepted now. Let us take one of his 
arguments as an example. 

He argued that a stone falls with a certain 
velocity. If we fix another stone on top of the 
original one, then the upper stone will push the 
lower one, so the lower one will fall faster. 

Meanwhile, it has now been strictly established 
that all bodies, irrespective of their mass, fall 
with the same acceleration, i.e. in a given inter- 
val of time their velocities increase by the same 


value. А 
What is then the error Aristotle made? 


1.16. Will a Bar Move? 


Consider two bars with masses M, and М, 
resting on a horizontal perfectly smooth surface 
(Fig. 1.9). Let us apply a force F to the left bar 
so that it acts through this bar on the right one. 
According to Newton's third law the second bar 
will react upon the first one with an equal and 
opposite force —F. Since there is no friction (the 
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surface is perfectly smooth), the resultant force 
R acting upon the left bar is balanced by the 


M2 
M, 


Fig. 1.9 
sum of the applied force F and the reaction force 
—F of the second bar: 


Whence the acceleration of the left bar is 
R 


а; = мг =0. 
Thus, however large the force F, it will never 
shift Mj?! 


1.17. What Force Is Applied to a Body? 


A force is applied to a body 2 kg in mass and 
increases its velocity from 10 to 20 m/s in 5 s 
in a distance of 30 m. What is the magnitude of 
this force? Assume friction is negligibly small 
and the directions of both the force and the dis- 
placement are identical. 

At first sight this is а common problem which, 
as is often the case, can be Solved in several ways. 
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For example, it can be solved on the basis of dy- 
namic considerations (in other words, starting 
from Newton’s second law): 


2—1 


Р = та= т i 


Putting in the numerical values we get 


20 m/s — 10 m/s = RIN 
5s = З 


Р = 2 к 


The principle of energy conservation can also 
be used. By equating the work done by the force 
to the increase in the body’s kinetic energy we 
have 


On substituting in the numerical values, we find 
that 


=, Bike 2/g2.— E 
= 550 m (400 m'/s 100 m?/s?) = 10 N. 


Why does this problem have two different so- 
lutions? Is it possible that the two different an- 
Swers are "right" simultaneously? 
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1.18. Two Hand-Carts 
Newton’s second law states that equal forces im- 


part equal accelerations to bodies of equal masses. 
Why then does the hand-cart shown in Fig. 


2H 


Fig. 1.40 


1.10a pick up speed slower than the hand-cart 


shown in Fig. 1.106, while their masses are the 
same? 


1.19. What Is the Acceleration 
of the Centre of Gravity? 


Three identical balls Mi, M, and М 
ed on weightless Springs I and I 
the other so that the dist: 


3 are suspend- 
I one beneath 
ances AB and BC are 
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equal (Fig. 1.11) and the system’s centre of grav- 
ity matches that of ball M,. If the thread fas- 
tened to ball М, is cut, then the whole system 
begins to fall due to gravity. 


Fig. 1.44 


The acceleration of the system’s centre of gravity 
(it is also called the centre of mass or the centre 
of inertia) is found by dividing the sum of the 
external forces acting on the system by its mass: 


Mig+Mog+Mag _ 3M8 _ 


a= >. M В 


However, the arguments given below seem 
to disprove this conclusion. 

In reality, spring I pulls up ball M, stronger 
than spring II pulls it down, since their tensions 
before and after the thread is cut are | f; | = 
2M |g| and |ш|=М|5|, respective- 
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ly. Hence M, (i.e. the system’s centre of gravity) 
must fall with an acceleration smaller than 5. 
How can this contradiction be resolved? 


1.20. A Swift Cyclist 


A cyclist is able to develop a thrust of 100 N 
without any special effort. If the friction force is 
а constant equal to 50 N and the mass of the cy- 
clist and his bicycle is 100 kg, then the accelera- 


tion 
— 100 N—50 N 
l= чз —=0.5 m/s? 


Given this acceleration the velocity after 20 
min of cycling will be 


v = 0.5 m/s? x 1200 s = 600 m/s. 
Why, this is the velocity of rifle’s bullet! 


1.21. Following 


We heartil 
ful Baron Miinchh 


an Example by Miinchhausen 


> 

the cyclist can move from the road t nt 

without dashing. d to paveme 
Why does the c 


у yclist succeed where Miinchhau- 
sen fails? 
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1.22. The Enigma of Universal Gravitation 
Forces 


The law of gravitation can be written 


mmg 
R? 

By analyzing this relationship we can easily 
arrive at some interesting- conclusions: as the 
distance between the bodies tends to zero the 
force of their mutual attraction must rise without 
limit to infinity. 

Why then can we lift up, without much effort, 
one body from the surface of another body (е.5., 
a stone from the Earth) or stand up after sitting 
on a chair? 


F=y 


1.23. Which High Tides are Higher? 


High and low tides are well-known to be due to 
the attraction of water by both the Sun and the 
Moon. The Sun is 390 times farther from the 
Earth than the Moon, while the Sun’s mass is 
27 x 108 times that of the Moon, so that every 
object on Earth is attracted to the Sun 21х10 = 
180 times stronger than they are to the Moon. 
Therefore high tides due to the Sun should be 
higher than ones due to the Moon. However, in 
fact the tides due to the Moon are higher. 
How can this paradox be explained? 
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1.24. In What Way Is Work Dependent on 
Force and Distance? 


When two quantities A and B are directly pro- 
portional, the relationship is expressed thus 


А = КВ, 


where / is called the proportionality factor. 
The amount of work A produced by a force F 
along a distance S is proportional to both the 


force and the distance. Hence, two equalities 
must be satisfied, i.e, 


= ҺЕ (1) 
and 
А = Е,8. (2) 
py multiplying these equalities term by term we 
ge 
A? = lS. (3) 
Let us denote the Product kk, аз 2, Then equ- 
ality (3) can be rewritten diia ра 
А? = KPS. 
By taking the root of both sides of the equation 
we get 
A=k, VFS, (4) 


le. the work is proportional to t 
of the product of the force an 
covered. 


he square root 
d the distance 
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But this is not the whole of it! Another manip- 
ulation is possible. Let us divide Eq. (2) by 
Eq. (1), viz., 


4 — dS 
= ЕЕ" 

By denoting the ratio k,/k, аз k, we get 
F=kS (5) 


which means that the force gets larger, the great- 
er the distance covered due to its effect. 
How could you explain all these absurdities? 


1.25. A “Violation” of the Law of the 
Conservation of Energy 


The following argument seems to prove a viola- 
tion of the law of the energy conservation. 

Suppose that a resting hand-cart of mass m 
is hit by and retains a projectile of the same mass. 
The projectile had been flying horizontally be- 
fore the collision at a velocity v in the same direc- 
tion as the hand-cart. As a result of this impact 
the hand-cart and projectile will together set in 
motion at an initial velocity which can be found 
from the law of the conservation of momentum 


mv v 


2m 2: 


в: = 


Hence, the kinetic energy of the hand-cart and 
projectile together is 


в \2 
W = 2n (+) mv? 
{= 3 + 
3—01216 
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while before the collision the projectile had a ki- 
netic energy of 


mv? 
w=, 


i.e. twice as large. Thus, after the collision half 
the energy has vanished altogether. 
Can you say where it has gone? 


1.26. A Mysterious Disappearance of Energy 


By lifting up a bucket of coal to a third floor stove 
we increase the potential energy of the coal by 
about 800 J (the force of gravity on the coal is 
about 80 N and it is raised by about 10 m). 
Where will this additional potential energy go to 
when this coal is burnt in stove? 


1.27. The Paradox of Rocket Engines 


Modern liquid-propellant rocket engines devel- 
op a thrust of about 2000 N, with a kilogram of 
the propellant and oxidizer mixture being burnt 
рег 1 s. Hence, at the minimum velocity needed 
for launching an Earth artificial satellite (orbi- 
tal velocity is about 8 km/s) the power devel- 
oped per kilogram of burnt mixture must be 


N = Fv = 2000 N x 8000 m/s = 16 

x 10* J/s = 16,000 kW = 16 MW. 
Meanwhile, the heat of combustion of the com- 

monly used mixture of kerosene and nitric acid 

is about 6300 kJ/kg (about 1500 keal/kg), i.e. 


burning one kilogram of the mixture per second 
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ensures “only” 6300 kW ог 2.5 times less than the 
above value. 

How can you explain that at orbital velocity 
the propellant yields 2.5 times more energy than 
it is supposed to? 


1.28. Where Is the Energy Source? 


In order to lift a body above the ground work 
must be done to increase the body's potential 
energy. This work comes from different sources. 
For example, an elevator draws its energy from 
the main power network, an aircraft takes ой 
utilizing the energy developed when fuel is oxi- 
dized (burnt) in its engine. 

But what is the source of the energy used to 
raise stratospheric and meteorological sounding 
balloons having no engines? 


1.29. A Hoop and a Hill 


By rolling down a hill of height H а hoop's poten- 
tial energy decreases by mgH. If friction is neglig- 
ibly small, then its kinetic energy will be in- 
creased by the same value, i.e. 


mv? 
2 
Whence the final velocity of the hoop is 
v= V3gH. 
ИН is set to be 4.9 m, we find 


mgH — 


—V2x9.8m/sx4.9m-9.8 m/s. 
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However, in practice the velocity of a hoop 
that has rolled down such a hill is about 7 m/s, 
i.e. about one and a half less. Such a large discrep- 
ancy cannot be explained as being due to fric- 
tion. Then what is the real reason? 


1.30. Brickwork Paradox 


In order to build a cornice a bricklayer lays bricks 
one onto another so that part of each brick juts 
out over the one beneath. It is interesting to 
know how much the top brick can overhang the 
lower one without using cement, mortar, lime or 
other binder? 

At first sight it would seem that it is not too 
much, about half a brick. However, in reality, 
With sufficient bricks the top brick can overhang 


the lowest one by as much as is desired! 
Try to prove this. 


1.31. What Is True? 


The following expressions can be used to calcu- 
late centripetal acceleration: 


vi d 2 
а = -g and a—o?R. 


The first equation shows that centripetal accel- 
eration is inversely proportional to the distance 
between the moving point and the rotation axis, 
while the second equation suggests the opposites 
that is acceleration is directly proportional 40 


rotation radius. But surely only one equation сай 
be true! 
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1.32. Is This Engine Possible? 


Suppose that water flows down the bent tube 
shown in Fig. 1.12. Since it moves along an arc 
a centripetal force acting from the side of tube 


"|, 


А B 
Fig. 1.12 


walls onto water arises. In turn, according to 
Newton's third law there must exist an equal 
and opposite in direction force, which is some- 
times called the centrifugal force which acts from 
the side of the water onto tube walls. In the fig- 
ure this force is R. 

Will the system be set in motion due to В? 


1.33. Where Will a Car Overturn 
after a Sudden Turn? 


The more suddenly a car, motorcycle, or bicycle 
has to turn, the larger the centripetal force will 
be needed to keep it upright and, unfortunately, 
the more likely the vehicle is to overturn. It 
can be stated for sure that the larger the centri- 
petal force during a turn, the more probable is 
an accident. 
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However, does not it seem strange that the di- 
rection in which the car overturns is always oppo- 
site to the direction of the centripetal force, i.e. 
by steering abruptly to the left a car will usual- 
ly overturn on its right side and vice versa? 
How can you explain the contradiction? 


1.34. A Simple Derivation 
of the Pendulum Formula 


In physics textbooks the formula for the period 
of swing of a pendulum is given without proof. 
Meanwhile it is possible to suggest a simple deri- 
vation of the dependence of oscillation period on 


the perdulum's length and the acceleration due 
to gravity. This derivation 
advanced math 

At small de 


АВ = 20B ws a = 9] cos о. 

The pendulum’s motion over this distance can 
be considered to bea uniformly accelerated one; 
since the projection P, of the force of gravity 
P onto the direction of the pendulum's motion, 
i.e. along AB, is 
E ГР [созо = т | & | соз о. 


Hence, the modulus of 


the pendulum’s accelera- 
tion along AB will be 


[а [ = |g | созо. 
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Under a uniformly accelerated motion time, 
distance, and acceleration are related 
Г 


Ё = = 


a 


By substituting into this equation the accele- 
ration value for motion along АВ and its length 


Fig. 4.43 


and taking into account that the pendulum period 
is four times longer than the time it takes to 
travel along AB, we get 


r-8y/ 1. 
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Why then does the formula in the textbooks 


contain the factor 2л, i.e. about 6.28, instead of 
8? 


1.35. Conical Pendulum 


A centrifugal machine has a disc with a wire arc 
fastened on its axis. From the midpoint of the 


arc asmall ballof mas 
of length 1. When а 
plumb along the mac 
is rotated, the thre 
begins to describe 


5 т 15 suspended оп a thread 
Isc is at rest the thread falls 
hine axis. When the machine 
ad with the ball on its end 
a cone in space (whence the 
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name conical pendulum) making an angle œ 
with the vertical as shown in Fig. 1.14. Let us 
find the angle when the angular velocity of the 
rotation is o. 

The ball is, evidently, acted upon by only two 
forces, i.e. the thread tension force T and the 
force of gravity P = mg. Their resultant F is 
a centripetal force. Since the ball moves within 
the horizontal plane, the forces F and P form a 
right angle. Therefore 


|F|=|P|tana = т |g | їар о. 


Ву Newton’s second law the modulus of the 
resultant F can be expressed via the centripetal 
acceleration of the ball а = oR = ol sina 
as follows 


| F | = mo?! sin a. 

By equating both expressions for the modulus of 
F we have 

mo?l sina = m |g | tan@ 


or, after reducing by m sin 0: 


iiie lel, 
cosa 
This expression rearranges to 
181 
cosa =-8- 
o? 


Assume the thread is 0.2 m long, while the an- 
gular rotation velocity of the centripetal ma- 
chine is 3.5 rad/s. Then 

9.8 m/s? Бс) 


tea То 4 
Sa = 359 s:x02m 
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However, mathematics only allows the value 
of the functions up to unity! 


What's the matter? Why does physics "conflict 
with mathematics? 


1.36. Are Transversal Waves Feasible 
in Liquids? 


А textbook once Stated that 
can propagate in solids, 


cause changes in theip Volumes produce elastic 
forces. Changes in shape in gases and liquids Dro 
duce no elastic forces, therefore elastic transver 
sal waves cannot Propagate in them”. 
Meanwhile, Somewhat earlier in the same text- 
book it was stated that “If you throw a stone in- 
to a pond, you will ob; 
Waves Propagating fro 
Stone entered the wat 
US, the author of 
himself first giving an ex 
in a liquid and then de 
Which of his t 


"longitudinal waves 
liquids and gases be- 


the textbook contradicts 
ample of transversa] waves 
nying they can exist. 

WO assertions is true? 


1.37. Do We Hear Interference 


in This Experiment? 


A textbook describes the following experiment. 
When a ringing i 


tuning fork is slowly rotated 
around its longitudinal axis and placed closely to 
your ear you will distinctly hear the sound get- 
ting periodically louder and softer, This textbook 
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states that the observed effect is due to inter- 
ference of the waves coming from the tuning 
fork’s two prongs. Let us consider whether this 
is true. 

For the sound to be softer due to interference 
of the waves coming from different prongs, the 
oscillations must arrive with a path difference of 
half a wavelength. For example, if the tuning 
fork oscillates at a frequency of 440 Hz and the 
velocity of sound is 340 m/s, such a path differ- 
ence can be produced along the distance of about 
0.4m, while the separation between the tuning 
fork’s prongs is only about 2-3 ст. 

Does this mean that the phenomenon observed 
has nothing to do with interference? 


1.38. Why Is the Sound. Intensified? 


Generally, the sound produced by a tuning fork is 
so weak that it can only be heard in its immediate 
vicinity. However, if the tuning fork is fastened 
to a resonator, i.e. a rectangular wooden box, 
its sound will be audible in quite a large room. 

Where does the “extra” energy come from? 
Have we not encountered here a violation of the 
law of the conservation of energy? 


1.39. Will the Buggy Move? 


Let a buggy of the shape shown in Fig. 1.15 be 
filled with water or other liquid—the heavier, 
the better—e.g. mercury. The average pressure 
on the right- and left-hand walls is the same 
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i iquid col- 

i it is due only to the height of the liqui 
ani e its density. However, the right-hand 
wall is larger in area, therefore the pressure exer 


ted upon it is larger. This is wh 


y the buggy seems 
to move to the 


right. 
But isn't it à 


Perpetual motion engine? 


People who have read А Thous 


ules Verne probably remember 
how the comfortable an 


m, a library аз large, а 


broad passage-ways, 
room. 
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hardy people are chosen to serve on submarines. 

Why then are more spacious submarines not 
constructed? The reason does not appear to be 
either to save living space or to ensure Spartan 
living on a warship, since surface warships (bat- 
tleships and cruisers) have spacious mess-rooms 
and, in any case, each crewman has his own per- 
manent place for lodging and recreation. 

What prevents submarine rooms from being 
made more spacious? 


1.41. Has Water to Press onto Vessel’s Bottom? 


Only a few people know that until the end of his 
life Galileo Galilei (1564-1642) had doubts as to 
the existence of atmospheric pressure. The honour 
of discovering is due to Evangelista Torricelli 
(1608-1647), Galileo’s outstanding disciple. 
Galileo supported his belief with the following 
argument. An imaginary volume of water (ог any 
other liquid) inside a larger volume is acted upon 
by two opposing forces, i.e. the force of gravity 
and the buoyancy force. According to Archi- 
medes' principle these forces are balanced, there- 
fore the volume is at equilibrium, i.e. it does not 
float or sink. We could say that water in water is 
weightless. But how can something weightless 
exert pressure onto lower layers? 
Analogously, air in air, Galileo went on, “be- 
ing itself weightless”, cannot exert pressure on 


1) We put this phrase into quotation marks, since 
we have not used the expression literally: nor did Gali- 
leo have doubts about the air ponderosity. Moreover, he 
was the first to determine its density (1637). Yet, how- 
ever strange it may sound, Galileo did not believe in the 
existence of atmospheric pressure. 
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layers and, finally, on the Earth’s surface. 
Ae is the fault in Galileo’s arguments? 


1.42. Hydrostatic Paradox 


Figure 1.16 depicts two vessels shaped like right 
truncated cones. Each vessel has a mass m of 


г. 
pu: 


cg Срд 


Е 

Fig. 1.46 
400 g, a height h of 30 cm, but different base areas, 
51 = 200 cm? and S, = 


2 = 50 cm?, The bottom 
base, the bottom of 
the smaller base. 

ith water. Since the 


have the same height, 
the pressures p exerted on the bottom will cer- 


e and equal to 
P = Dgh = 103 kg/m? x 9.8 m/s? 


X 0.3m 
= 2940 N/m? = 2.94 kPa. 
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Now let us calculate the moduli of the forces 
F, and F, due to the water pressure on the bot- 
toms of both vessels: 

| F, | = pS, = 2.94 x 10° N/m? x 2 

X 10-? m? — 58.8 N, 

| Fa | = pS, = 2.94 х 10? N/m? x 5 
X 10-3 m? = 14.7 N. 

Since the weight of each vessel is |P | — 
т |р | = 0.4 kg x 9.8 m/s = 3.92 № ме 
would seem to have found that the first vessel 
exerts pressure on its support with a force whose 
absolute magnitude is 


IR, |= |F, |+ IP |= 58.3 М + 3.92 N 
А 62.7 М, 
while the second vessel exerts а force of 
IR, |= |F |+ |P | =147N x 3.92 N 
А 18.6 N, 


і.е. about 3.5 times less. Tm 
Thus, if we put the vessels on the weighing 


Scales, the first vessel should overbalance the sec- 

ond, though they are identical (except that one 

Vessel is an upside down version of the second), 
The volume of a truncated pyramid is 


y = линь rho g Gor Y: 52h 


== 4. (200 ст? ү 300 em? x 50 em? + 50 cm?) 
x 30 ст = 3500 cm? 
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and so the weight of water in both vessels should 
be 


| P, | = VDg = 3.5 x 10-3 m? x 103 kg/m? 
х 9.8 m/s? = 34.8 М 


while the weight of each v 
water should be 


IPol+1P | = 34.3 N + 3.92 № x 38.2 N. 


Thus, the first vessel presses down оп its support 

with 62.7 N —38.2 N = 24.5 М more force than 

it should, while the Second vessel ехегіѕ 

38.2N —18.6 N — 19.6 N less force. 
That's sheer no 

(here that of a 

rotated 180? 


essel together with 


discovery to the French 
Physicist, mathematician, and philosopher Blais? 
Pascal (1623-1662), it was in fact detected aní 
Properly explained by the Dutch scientist Si 
mon Stevin (1548-1620), who became famous fot 
his work on mathematics, mechanics, and engl 
neering. The mi i 


escribed the device to demon 
strate the hydr i 
What is the o 


1.43. A Physicist’s Error 


"Errare humanum est" (to err is human) states 
the Latin proverb. And indeed, even the grea 
people make errors as can be seen from the exam” 
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ples in Problems 1.15 and 1.41. Here is another 
example. 1 

At the beginning of the twentieth century air- 
ships and air balloons were filled with hydrogen. 
In the battles of the First World War they be- 
came easy targets, since if they were hit by bullets 
or projectiles, the hydrogen invariably exploded 
destroying the balloon and its crew. The losses 
Were so great that soon the belligerents were 
forced to stop using the air balloons for military 
purposes. 

However, a strange airship then appeared over 
London: she was hit repeatedly but with no ca- 
tastrophic consequences. It"turned out that the 
oe started using helium-filled airships in 

8. 

When this became known, one; physicist said: 
“Helium is twice as heavy as hydrogen, hence 
the aerodynamic lift of balloons must be halved”. 
In fact, the aerodynamic lift of a helium balloon 
is practically the same as that of a hydrogen bal- 
oon. 

How can this be explained? 


1.44. The Mystery of Garret Windows 


This is what a reader of the Soviet magazine 
Knowledge is Power wrote about: "In autumn and 
winter the wind blows so strongly in our village 
that tiles fall off roofs. m 

"We were discussing how to save tiling, when 
ап old man said: ‘You need to put garret windows 
in the pediments.' We were astonished at this ad- 
vice yet began to check it only to find that whe- 
rever there were garret windows the tiling was 


4—01216 
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safe and sound, elsewhere they had lost tiles. 
What is the matter?” 


Can you explain the “mystery” 


of the garret 
windows? 


1.45. Why Do Velocities Differ? 


We are not astonished if the velocities of ships 


going in the same direction are different —this 
can be explained by a difference in design and en- 
gine power. 


But why can rafts whic 
down the river with di 
It has been even no 
raft the higher its ү, 

Why is this? 


h have no engines float 
flerent velocities, too? 


ticed that the heavier the 
elocity. 


Chapter 2 
Heat and Molecular Physics 


2.1. Do Sunken Ships Reach the Bottom? 


All bodies are known to contract under pressure: 
gases do so most, liquids less so and solids are 
the most resistant to compression. 

Does not all this suggest that the ships which 
sink in deep waters may never reach the bottom 
since at great depths water is so compressed that 
its density exceeds that of the metal used to con- 
Struct the ship? 

Professor Aronax, whom we mentioned in Prob- 
lem 1.40, stated that during his imprisonment 
aboard the submarine Nautilus he observed ghost 
ships suspended between the ocean’s surface and 
the bottom. 

Could the Professor’s statement have been a 
reality? 


2.2. What Ts the Temperature 
at High Altitudes? 


Even the first balloonists, who rose to compara- 
tively low altitudes above the Earth's surface, 
noted a decrease in air temperature. At altitu- 
des of a few kilometres, which is the height of 
modern passenger jets, the temperature is so low 
that passengers would be simply frozen to death 
Were not the airplane cabins properly heated. 


4* 
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However, at higher altitudes the so-called = 
version happens, i.e. the air tem perature qm 
to rise up. And at a height of a few hundred ki 94 
metres the air molecules possess velocities o 
responding to temperatures of several thousan 
degrees Centigrade! -— 

Why then do artificial satellites, flying fo 
long periods of time at Such altitudes, neither 
melt nor burn away? 


2.3. In Spite of the Thermal Laws... 


There are three identical Dewar vessels A, B, 


and C. Two of them contain one litre of water 
each at temperatures 80 °C and 20° 


C, respective 
ly. Vessel D with walls that conduct heat perfect 
ly isempty. It is small enough to fit inside the 
three Dewar 


» by manipulating the four ves 
е cold water using the hot one КЕ 
til its final temperature is higher than the fina 
temperature of the hot water? The water in ves 
sels A and B must not be mixed. 

Generally the problem is thought to be unsol- 
vable because heat transfer can only occur “bY 
itself” from hot bo ies to cooler ones and stops 
as soon as the temperatures of both bodies are 
e same. Nevertheless, the problem can be sol 
ved. 


Try to find out the solution. 


2.4. Why Doesn't Thermal Insulation Help? 


А copper tube with an 
Serves as a vapor transfe 
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of thermal insulation. However, the losses not 
only decreased but, quite the reverse, increased. 
Why is this the case? 


2.5. Which Scale is More Advantageous? 


In some countries temperature is measured using 
the scale proposed in 1730 by the French physi- 
cist René Antoine Réaumur (1683-1757). In 
this scale the melting point of ice, as in the Cel- 
sius scale, is fixed as 0°, but water is assumed to 
boil at 80° R®) under normal pressure. 

Let us calculate the amount of heat needed to 
heat 100 g of water to the boiling point from its 
melting point. А 

pene the International System of Units (SI) 
and the Celsius’ scale, we get 


Qı = 04 kg x 4.19 kI/(kg-°C) X 400°C 
= 41.9 kJ. 


The same calculations performed with the Ré- 
aumur scale yield 


0, = 0.1 kg x 4.19 kJ/(kg-^R) x 80°R 
= 33.5 kJ, 


i.e. in the latter case we appear to heat water by 
expending 8.4 kJ less heat. 
Is this the case? 


2) In fi he Swedish astronomer Anders Celsius 
(1701-1744) proposed а scale, for which the boiling point 
Of water was denoted as 0^, while the ice melting point as 
100*. The Celsius scale was updated in 1745 by Celsius 


compatriot Martin Stromer (1707-1770). 
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2.6. What Is the Source of the Work? 


A system in order to perform work needs energy 


i hus, to lift 
the law of energy conservation. T 15, 10. 
xen by expanding, the gas under a piston in à 
cylinder needs to he heated. 
However, 


"C by taking away 
heat, the freezing water will break the ball, i.e. 
it will perform work. 


ere is the energy source for destroying the 
ball? 


2.7. Does a Compressed G 


as Possess 
otential Energy? 


Any work can only be done at the expense of 
an energy source (from the 
we can, in reality, calcul 
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the internal energy of air does not practically 
change. 

Then what is the source of the energy for 
brakes and doors? 


2.8. Again Energy Vanishing. .. 


Bending a steel strip we transfer energy to it. 
If we place a bent strip in a glass so that the walls 
do not allow the strip to straighten and pour con- 
centrated sulphuric acid into the glass, the strip 
will gradually dissolve and the energy stored in 
it will vanish, too. 4 

But сап energy vanish in reality? 


2.9. Where Does the Energy of the Fuel Burnt 
in a Rocket Disappear? 


Let us imagine a vertically installed rocket. The 
thrust developed by its engines can vary widely. 
By regulating the fuel feed it is possible to pro- 
duce a thrust identical to the rocket’s weight. 
In such a case the rocket, like “Muhammad's 
coffin”, which, according to Islamic belief, le- 
vitates without any support, will hang poised 
over the Earth's surface without falling or ri- 
sing. 

А seeming paradox arises: fuel is burnt in the 
engines to yield thrust, but the work produced 
according to the formula 
A = Fs 


is zero, since there is no displacement due to 
force. . 

Then where does the burnt fuel energy disap- 
pear? 
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2.10. Can a Body’s Temperature Be Increased 
х Without Heat Being Transferred 
to the Body? 


The question in the heading might sound ab- 
surd, just like “Can we heat a body without hea- 
ting it?". For all its seemingly absurd nature, 
the answer is yes. 

Try to produce examples of a body whose tem- 


perature rose without heat exchange with envi- 
ronment! 


2.11. From What Metal Should 
a Soldering Iron Be Made? 

By looking up in a handbo 

We can check that 


about 2096 larger than соррег’з. Consequently, 
for an equal i 


iron is 20% 
Then why are Soldering i 
pensive Copper instead 


2.12. A Negative Length 


The linear dim nsions of bodies change with 
lemperature, viz. 


ly = l (1 + at). 


Suppose that the temperature falls to t-— — 1. 
By substituting this 


Е : temperature into the first 
expression we arrive at 


= (11) = 0 
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Then let us lower the temperature still fur- 
mer Could a body’s dimensions become nega- 
ive 


2.13. Is the Law of the Energy Conservation 
Valid in АП Cases? 


Figure 2.1 depicts two tubes differing in the posi- 
tions of their bulges. If we pump air from the 
tubes, immerse their open ends in a cup filled 


Fig. 24 

then atmospheric 
to the tubes. The 
from a physics 


With mercury, and open taps, 
Pressure will drive mercury in 
Work performed is, as is known 
textbook, 

A= рУ, 

Where p is atmospheric pr 
ume filled with mercury- 
of the tubes and their bulges ar 
Work done to lift the mercury UP 
Same, 


essure, and V is the vo- 
If the internal volumes 
e the same, the 
will be the 
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i -hand 

However, the level of mercury in the left-han 
"oe be higher than that in the right-hand 
one, whence it follows that for the same work P 
formed the change in the potential energy of th 
tubes is different. This Statement seems in evi- 


dent contradiction with the law of the energy 
conservation. 


What is the fault in the above analysis? 


2.14. The Mystery of Capillary Phenomena 
By immersin 
tube in wate: 


Y proportional to tube's diameter 
and in very fine capillaries it may be metres 
high. As water rises there are no visible changes 
either in the tube or the water. 

hat ener, 


ВУ Source makes capillary phenome- 
na feasible? 


2.15. “Clever” Matches 


Pour pure water into à neatly washed plate (if 
there is no distilled Water, thoroughly boiled 
water will do) and throw a few matches onto the 
water surface. 

If you touch the water b 
with a sugar lump, 
sweet tooth, will a 
touch water with 
every direction. 

How can the “ 
inanimate object 


etween the matches 
the Matches, аз if they have 8 
PProach the sugar. Yet if you 
Soap, the matches scatter іл 


intelligent” behaviour of thes? 
5 be explained? 
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2.16. How Is a Wire Drawn? 


Figure 2.2 is a sketch of how a thin wire is drawn 
from a thick one. As can be seen from the figure, 
the cross section of wire rod is decreased by pas- 


Fig. 2.2 


sing it through a die hole. Naturally we might 

ask: why notwithstanding the huge stresses need- 

ed to draw the wire, does the thin wire that 

has passed through the die not break, while the 
ick one is deformed? 


2.17. Boiling Water Cools Down Ice 


What happens when hot water is poured onto ice? 

t а that the ice will melt either to- 
tally or partially. However, if the amount of hot 
Water is not large and the ice’s temperature is 
well below 0°C, the ice will not be melted but 
only somewhat heated. Yet how can you explain 
the unexpected result obtained below? 
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ose a litre of boiling water having the 
в of 100°C is poured into а jug contol 
ning 1.3 kg of ice at 0°C. The jug has a mass 0 
1 kg and is made from a material with a specific 
heat capacity of 0.838 kJ/(kg-°C). What tempera- 
ture will be set in the jug after the water and ice 
have mixed? 

We set up a thermal balance equation: the heat 
given up by hot water is 1 kg x4.19 kJ/ (kg-°C) 
X (100°C —t), the heat obtained by the jug 
is 1 kg x 0.838 kJ/(kg-°C) t, the heat needed 
to melt the ice is 1.3 kg x 335 kJ/kg, the heat 
needed to heat the water produced from the ice 
is 1.3 kg x 4.19 kJ/(kg-°C) t. 


| From the law of the conservation of energy We 
get: 


1 kg x 449 kJ/(kg."C) (100° — 2) = 4 kg 
X 0.838 kJ/(kg-*C) t + 4.3 kg x 335 kJ/kg 
+ 1.3 kg x 4.19 kI/(kg-°C) t. 


By Solving this equation we find that t = 


— 1.0 C, ie. the boiling water has cooled the 
ice. How can this Strange result be explained? 


2.18. Why Does Water Evaporate? 


Heat transfer fro 
only when there is a tem 
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ler cannot obtain it from the environment be- 
cause their temperatures are the same. 
Then why does the water evaporate? 


2.19. An Italian Question 


Ап Italian student was asked during an exam: 
As you know, the boiling point of olive oil is 
higher than the melting point of tin. Explain 
why it is possible to fry food in olive oil in a 
pan.” (The best Italian saucepans are made from 
tinned copper.) 

What is the answer? 


2.20. How Can Water Be Boiled More 
Efficiently? 


Tt is known that the boiling poin 
with pressure. Why then do we no 
out of saucepans? 
oe а would allow economizing 


t of water falls 
t pump the air 


on fuel, wouldn’t 


2.21. Is It Possible to Be Burnt by Ice 
or to Melt Tin in Hot Water? 


Paradoxically enough both these phenomena are 


Possible. 


Could you explain under what conditions? 


2.22, How Much Fuel Will Be Spared? 
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to construct a machine to combine all three in- 
ventions and he aimed to spare 30% + 25% + 
45% = 100%. 


To what degree are the hopes of the inventor 
justified? 


2.23. How Many Heat Capacities Has Iron? 


Two iron balls wit 
from 20°C to 100° 
tal plane, while t 


h the same diameter are heated 
C. One is placed on a horizon- 
he other one is suspended by à 


а 


Fig. 2.3 


virtually inextensible thread 
seem that the formula 


AQ = me At 


(Fig. 2.3). It would 
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2.24. Why Heat Stoves? 


Suppose that in late autumn you visit your da- 
cha in the country. You find the temperature in 
the rooms to be about 0°C and decide to warm the 
room using the stove. Let us calculate the chan- 
ges in the internal energy of the air inthe room if 
the thermometer's mercury column climbs to 
the level of 20°С. 

As we mentioned in Problem 2.7, under near-to- 
normal conditions (i.e. at temperatures close to 
0°С and under pressures of about 105 Pa) air be- 
haves like an ideal gas, whose internal energy is 
Proportional to the mass m and absolute tempera- 
ture T of the gas 


О = атт, 


Where œ is a proportionality factor dependent on 
the gas and it can be shown that it is equal to 
the quantity of heat needed to heat a unit mass 
of the gas by one degree Centigrade at a constant 
Volume; therefore in thermodynamics it is 
called the specific heat capacity at a constant vol- 
ume and denoted as C y- в 
hen the rooms of dacha are heated the air 
Warms and expands, so some of it passes under the 
Closed doors, and through cracks in the walls and 
Windows. The mass of air inside a room 18 
Changed, but the volume of the rooms and the 
alr pressure remain constant. Therefore the change 
in the air's internal energy can be written as 


NET = U, — U, = amsTs —am,T; 


=g (mT; —mT,). 
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To solve the latter equation, we use Clapey- 
ron’s equation: 


m 
pV — ВТ. 


Since, as we noted above, the pressure in the 
room always remains the same as the externa 
one and the volume of the room is constant 
(only the mass of air is changed), we obtain 


mjT,—m,T,— me = const. 


Thus, the firewood is burnt but the internal ыы: 
of the air in the room remains unaffected. 
Nevertheless, we do heat living rooms. 


Where does the energy which is released by burn- 
ing the firewood go? 


2.25. Why Is Such a Machine Not Constructed? 


tempting! d 
The volume of water in the oceans of the worl 


is 1.37 x 10° km? (about 1/800th of the tota 
volume of our planet 


net). By assuming, for simplici 
ty, that the density of Sea water is the same 4 
that of fresh water, we find the mass of water i8 
about 1.4 х 102 kg. Since the heat capacity 0 
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water is about 4.2 kJ/(kg-K), on cooling all the 
water in the oceans by 1 K 


1.4 x 10?kg x 4.2 x 10° J/(kg-K) x 1K 
2: 6 x 102] . 


of heat would be released. : 
Since all the electric power stations in the 
world generate "only" about 2 x 10? J per year 
this means that cooling the oceans would re- 
lease so much energy that, at present consumption 
levels, it would be enough to last mankind for 
hundreds of millennia. Practically this sort of 
device would be a type of perpetual motion ma- 
Chine. In scientific terms it is called a perpetual 
Motion machine of the second kind. ; 
„а passing note that such а machine would not 
violate the law of the conservation of energy. 


2.26. When Is Car's Efficiency Higher? 


The maximum efficiency of a heat engine with a 
heater and cooler can be calculated from the fol- 
Owing formula 
ЕН =A Ta 
Ti , 
Where T; and Т, are the absolute temperatures of 
the heater and cooler, respectively. 
his expression shows that, the temperature 

Of the heater remaining the same, the heat en- 
Eine's efficiency increases as the cooler's tempera- 
ture falls, 

‚ Why then does a car (whic 
pug consume much more ре 
П summer? The temperature о 
5-01216 


h is also a heat en- 
trol in winter than 
f atmospheric 
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air, which is car’s cooler, is noticeably lower Ш 
winter, while the temperature of the gases рго- 
duced by the combustion of petrol is the same 
both in winter and in summer. 


2.27. Is Maxwell's Demon Feasible? 


The last two sophisms show that for a heat engine 
to work there must be two bodies with different 
temperatures, i.e. a heater and a cooler. If there 
13 no temperature difference, the heat engine wil 
not operate, which is formally a result of the for- 
mula for efficiency given in the last problem. 
: However, is it impossible to design a device 
in which a temperature difference can arise iD- 
Side it as a result of the engine operation itself? 
The English physicist James Clark Maxwell 
(1831-1879) proposed one in the mid-1800's. 
Let us imagine, Maxwell wrote, two chambers 
separated by a trap door (Fig. 2.4). The traP 


Fig. 2.4 


door has a control mechanism (Max lled it 
a demon) that can ем i fast an 
slow molecules. If the demon opens and shut? 
the trap door so that fast molecules are allowe 
to go from right to left, while slow molecule! 


are allowed to go in the Opposite direction, the? 
after a while all the fast нм the 
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left-hand chamber, while all the slow ones will 
be in the right-hand chamber. As a result, the 
temperatures in the two chambers will be differ- 
ent, since a gas’s temperature depends on the 
velocities of its molecules. . 

However, a temperature difference would in- 
duce an operation of heat engine. After the tem- 
peratures in both chambers were equalized by 
the operation of the engine, the process of sorting 
the molecules could be repeated and so on until 
the machine wears out. | 

Thus we would have a perpetual motion ma- 
chine, would we not? 
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left-hand chamber, while all the slow ones will 
be in the right-hand chamber. As a result, the 
temperatures in the two chambers will be differ- 
ent, since a gas’s temperature depends on the 
velocities of its molecules. 

However, a temperature difference would in- 
duce an operation of heat engine. After the tem- 
Peratures in both chambers were equalized by 
the operation of the engine, the process of sorting 
the molecules could be repeated and so on until 
the machine wears out. й 

Thus we would have a perpetual motion ma- 
chine, would we not? 


Chapter 3 
Electricity and Magnetism 


3.1. Is Coulomb’s Law Valid? 


The force F attracting the plates of a parallel 
plate air capacitor can be calculated by multi- 
plying the charge Q of one plate by the electric 
strength £ of the field produced by the charge 0? 
the second plate, i.e. 


F = QE. 


For a parallel plate capacitor the field betwee? 
the plates is uniform and the field strength is 
independent of the distance between the plates: 
viz. 


diet. 
imd a 


D 


Separation 


F = _ 910 


Gre oR? 


according to which, the force of interaction ре 
tween charges is in 


Ч versely proportional to t 
square of distance R between them? 
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3.2. Should a Current Flow Through a ^ 
Conductor Which Shorts Battery Poles? 


Let us consider the two electric circuits in Fig. 3.1. 
If the current does not flow along xpi 
А1В, it will also be absent in conductor 42B, 


A r= 
\ cj | 
| | | 

1 | 
] А 


8 E 


| 

| 

|з 

| 

| 

| 
J 

Fig. 3.4 


Since they are both connected to the same points, 
A pnd B. 
f two identical galvanic ce e con il 
parallel there will be no current in either cell. 
us, there is no current betwe 1 
» aS we saw occurs between А à 
Pid However, by reasoning in н 
on, we would conclude tha баш” 
е no current in the conductor C3D, which is 


i i and D. 
Connected to the battery, i-e- goiat Ca 
oes this not contradict exper 
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3.3. Is the Current in a Branch Equal to That 
in the Unbranched Part of the Circuit? 


Two electrical bulbs are connected as shown in 
Fig. 3.2. By denoting the current in Bulb 1 as 


Fig. 3.2 


J, and that in Bulb 2 as I 
h+I,= Ta 
where Г, is the current in 


the circuit. By multiplying both sides of this 
equation by (7, —J,), we obtain 


1% — г + IJ, — 1.1, = Tj — Il. 
Let us transpose the third term from the left- 
hand side to the right-han e 


d side: 
11, —П — 11. = n —IMy, =I ala 


Now we factor 1, out from the left-hand side and 
То from the right-hand side to get 


T, d, = =i) = I, Mo —1, Ка): 


By dividing both sides of this equation by the 
bracketed term we have 


=! 


2 We can write 


the unbranched part of 
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Had we multiplied the initial equation by 
(1 —1,) instead of (Г, —J;) we would have 


TI, = IgM 
What is the matter? 


3.4. What Current Can an Accumulator 
Battery Generate? 


An accumulator with lead-acid cells has an inter- 
nal resistance of 0.1 Ohm and bears the label 
"Emf 4 V, maximum discharge current 4 А”. 
Meanwhile, by shorting the accumulator 
poles with a conductor whose resistance is also 
0.1 Ohm we would have 
4N E 
0.1 Ohm - 0.1 Ohm =20 A, 
ie. a current 5 times the value advertised. 
What is the reason for the discrepancy? 


3.5. How Can Galvanometer Readings 
Be Decreased? 

ractical lesson the students de- 
temperatures using a thermo- 
couple and a galvanometer. However, at the 
end of the experiment the temperature had risen 
so much that the galvanometer pointer was 
going off scale. To decrease the galvanometer's 
sensitivity, one student proposed connecting in 
parallel a resistance box with the same resistance 
as galvanometer. He believed that the galvano- 
meter would then pass only half the total current 
and the pointer would not sweep ofi-scale. The 


During a physics p 
cided to measure 
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proposal was accepted, but the young physicists 
were surprised to find that the resistance box did 
not affect the galvanometer readings. After thin- 
king for a while, they understood what had hap- 
pened. $ 

How did they explain their results? 


3.6. Why Did the Current Fall? 


To increase the current flowing in a circuit, an 
additional cell was connected in series with the 
galvanic cell used as the energy source. The cur- 
rent not only did not increase, but, quite the op- 
posite, fell significantly. 

In what case should this be possible? 


3.7. What Is ‘the Resistance 
of an Electric Bulb? 


By measuring the resistance of a 100 үү 
bulb with ohmmeter, a Schoolboy found it to be 


tage (220 V) indicated on the bulb, 

Using the formula R — U?/W, the schoolboy 
Was surprised to get 484 Ohm, i.e. about 14 
times higher than he had measured. 


How can you explain this difference in the re- 
sults? 


3.8. What Will a Voltmeter Indicate? 


The potential difference betwe 
of an electric circuit can be m 
meter connected to thes 


еп any two points 
neasured by а volt- 
€ points. On the other 


3. Electricity and Magnetism 73 


hand, the voltage can be found from Ohm's law 
by multiplying the resistance of the section of 
the circuit between these points by the current 


running through it. 
Consider a circuit composed of two identical 


galvanic cells connected as shown in Fig. 3.3. 


Fig. 3.3 


By denoting the electromotive force of the cells 
as E and their internal resistance as А, the cur- 
rent in the circuit will be 


2E E 


Е dee 
It would seem that if a voltmeter is connected 
to A and B it should indicate the potential differ- 


ence 


since the current running in the circuit is EIR 
and the resistance of the section of the circuit 
connected in parallel with the voltmeter is R. 

In fact, the voltmeter will read zero. А para- 
doxical situation that seems improbable at first 
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: TEE : t 
ight has arisen: the circuit is passing current, 
$5 the potential difference between its ends is 
zero. Я 

Why is this possible? 


3.9. What Value Must the Resistance Have? 


Consider the circuit in Fig. 3.4. The resistance of 
the load is R and the resistance of the source is 


ES 
i 


Fig. 3.4 


T. After rearrangement we obtain the following 
expression for efficiency of electrical power: 


PO Wusea ==. ЛАВ В 


Ию Cp > ЖЕ: 
This formula can be rewritten as 


E 1 
К= B 
tw 


The last expression show; 
ceeds r, the higher the 
in other words, the m 
stallation will be. 


s that the more R ex- 
electrical power efficiency, 
ore efficient the whole in- 
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Why then are the load and the source resis- 
tances matched to be as equal as possible, even 
though the efficiency will thus only be 50%? 


3.10. How Much Current Does 
the Device Consume? 


A device consuming 50 W is connected through 
another resistor of 40 Ohm to a power supply 


of 120 V. 
Let us calculate the current through the de- 


vice from these data. 

To solve the problem, note that the voltage 
across the device and the voltage across the other 
resistor must be equal to the sum of the network 


voltage, i.e. 
Vaev m Ures = Unet: 

By expressing the first term on the left-hand 
side in terms of the power consumed by the de- 
vice divided by the current running through it 
and the second term, as the product of the other 
resistance and the same current, we obtain the 


following equation: 
и 
FIR = Ља 


All the quantities here except for the current 
are known. By substituting in the numerical va- 


lues we get 
50 
Bs 401 = 120, 


or 


4012 —1207 + 50 = 0. 


Tu 
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If we solve this quadratic equation we obtain 
two values for the current, viz. I, — 0.5 A and 


I, — 2.5 A. 


Which current will flow through the device? 


3.11. The Mystery of Electrolysis 


The following currents flow through any cross 
section drawn between electrodes perpendicular 
to the direction in which the ions move in an elec- 
trolylic bath 


I+ = дапр and I. = q-n.v., 


where 4, and q. are the charges on the positive 
and negative ions, respectively, n, and n. are 
their concentrations, and о, and v. are their ve- 
locities. Thus, the total current is 


Ded, ple Sano, гар, 


At the same time the deposition of substance 
during electrolysis occurs due to the ions of a 
single polarity neutralized at the electrodes, for 
example, positive ions will be deposited at the са- 


be calculated from the current J,. Why, in fact, 


I I., used 
in the calculation? AE 


3.12. How to Improve 


the Efficiency of an 
Electrolytic Bath 


If the electrolytic current i 
the substance (m) deposited 
ring time t can be calculate 


$ Г, then the mass of 
оп the electrodes du- 
d from Faraday's law, 
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viz. 
т = klt, 


where А is the substance’s electrochemical equi- 
valent. 

Suppose п identical baths are connected in se- 
ries. Since the current in series circuit is every- 
where the same, n times more compound is de- 
posited overall than in one bath. 

Doesn't this mean that the efficiency of the 
new installation is n times higher than that of the 
first one? 


3.13. Once More about the Conservation 
of Energy 


Let the capacity of each of the capacitors C7 
and C2 shown in Fig. 3.5 be 20 pF and switch 


C1 


62 5 


Fig. 3.5 


S be set initially in position 7. Capacitor C2 
is thus connected to the battery B. И its electro- 
motive force is 100 V, then C2 will store an energy 
of 

20x 10* F(00 V. 94 J, 


cu 
W, 5 2 


i d 
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If then the switch is set in position 2, the ca- 
pacitors will be connected in parallel forming a 
battery with the capacity of 2 x 20 НЕ = 40 pF. 
The potential difference across the terminals will 
be 50 V, i.e. half the voltage developed across 


capacitor C2, because the initial charge is now 
divided into two. 


By using these data 1 
above formula the ener 
i.e. 


40 x 10-6 F (50 V) 
W, a —— 


et us calculate from the 
gy stored in the battery, 


=0.05 J. 


This is only half the energy initially possessed 
by capacitor C2. 
Where has the oth 


her half of the energy disap- 
peared? 


3.14. Why Does the Energy 
in a Capacitor Rise? 


A plane capacitor with а capacitance С, = 
1 uF is made using a thin glass plate, with a 
relative dielectric permittivity of Еге = 5, 


as 
[ о a potential differ- 
ence U, — 100 V. 


Using the formula given in the last problem we 
Obtain for the energy stored in the capacitor 


W, FRAO Vt _ 0,005 J. 


When the glass is Temoved, the capacitance is 
decreased by e times to С, = Ce = 0.2 uF. 
Since the capacitor charge remains intact, the 
potential difference between the capacitor plates 
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has been increased аз much аз the capacitance 
has been decreased (9 = CU), i.e. to U, = 500 V. 

Whence, after removing the dielectric, we 
have for the capacitor energy 


p" 4M y? 
W, 92x10 бх Wt 02095 J: 


What is the source of the extra energy? The 
capacitor has not been connected to a current 


source, has it? 


3.15. A Single-Pole Magnet 


It is commonly believed that each magnet must 
have two poles, N and S. However, the argument 
below seems to disprove this. 

Let us take a steel ball and cut it through from 
the surface to the centre into pyramidal polyhed- 


N 


a 


5 


Fig. 3.6 


ze these so that their verti- 


ra. Then we magneti 
d then reassemble the ball, 


ces are like poles an 


as shown in Fig. 9.0. 
As a result, there will only be one pole on its 


surface. Hence, is it possible to produce a single- 
pole magnet? 
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3.16. Where Is the Energy Source 
of a Magnet? 


Let us bring a magnet from above onto an iron 
object. If the weight of the object and the dis- 
tance between it and the magnet are not too large, 
the iron object will be attracted to the magnet. 


changes with the 
does not weaken. 


Does this not violate the law of the conservation 
of energy? 


3.17. Are the Resistances 
of All Conductors Identical? 


A metallic ring (Fig. 3.7) is placed in an alterna- 
ting magnetic field. Asa result, an induction cur- 


A 


Fig. 3:7 


rent arises in the ri 


1 ng, which at a certain mo- 
ment is J. 
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We choose two arbitrary points оп the ring А 
and B and use R to denote the resistance of the 
larger arc of the ring separated by these points, 
and r for the resistance of the smaller arc. 

By Ohm’s law, the potential difference across 
ArB in terms of the current and the resistance of 
the smaller arc is 


Pa —9s = Ir. (4) 


The same argument yields the potential differ- 
ence for larger arc BRA, viz. 


95 — фа = IR. (2) 


Since both parts have the same end points 
the left-hand sides of both equations must be 
the same, because each point can only have one 
potential value. Whence we conclude that the 
right-hand sides of both equations must be the 
same, too, i.e. 


Ir — IR. 


By cancelling out the current 7, we arrive at 
the absurdity that 


r — R. 


Note. It would certainly be more logical to 
equate both right-hand sides of eqs. (1) and (2) 
but with opposite signs. However, the final result 
would then be even more absurd, viz. 
r= —R. 
6—0121е 
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3.18. Does Transformation Ratio Change for a 
Variable Transformer Load? 


When a larger load is connected to a transformer 
power consumed from the network is increased. 
Hence, the current in the primary coil increases, 
too. The higher current must magnetize transfor- 
mer core more strongly and while before the max- 
imum magnetic flux was OQ, after the increase 
in the load it will be Ф, — d. 

The electromotive force induced in the secon- 
dary coil is determined by the number of turns 
and the rate of change of magnetic flux in time: 


With the initial load the magnetic flux has 
changed from 0 to ®, during a quarter of a pe- 
riod, while for the larger load it changed from 0 
to Ф,. Since Ф, >> d, the rate of change of 


In practice the transformation ratio is inde- 
ch means that our reaso- 


3.19. At What Voltage Does a Neon Lamp 
Ignite? 


To determine the ignition potential of a neon 
lamp а setup was assembled whose scheme is giv- 
en in Fig. 3.8. If the setup is plugged into an 
AC mains and the potentiometer slide arm made 
to move upwards, thus increasing the voltage 
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applied across the lamp, the latter will flash 
when the voltmeter (an electromagnetic one) 


Fig. 3.8 


reads 50 V. If we repeat the experiment by plug- 
ging the apparatus into a DC electricity source, 
the lamp will flash when the voltmeter pointer 


approaches 70 V. ae : 
What is the actual ignition potential of a neon 


lamp? 


3.20. Which Ammeter Readings Are Correct? 
The circuit in Fig. 3.9 was assembled with amme- 


Fig. 3.9 


oving-coil type and another of an 


lers, one of a m 3 
h devices were tested 


electrodynamic type. Bot 


Re 
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and there is no doubt that the 
pair. 

However, when the circuit was connected to 
an AC mains the second ammeter gave readings 
more than one and a half much those on the sec- 
ond ammeter. 


What is the reason for this discrepancy? 


y are in good re- 


3.21. Why іп a Series Circuit Is the 
Current Different? 


Two ammeters A7 and A2 
circuit in Fig. 3.10. They a 
their readings differ when 


are connected in the 
re both accurate but 
switch S is closed. 


‚ Why? Don't they record the Same current run- 
ning in the filament of the electron tube shown? 
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3.22. How Can the Decrease in Temperature 
Be Explained? 


When the switch S in the circuit in Fig. 3.10 
is closed, filament’s temperature falls. Mean- 
while, this seems not to be the case. 

In fact, when the switch is open, only a fila- 
ment current J; runs through the filament, re- 
leasing the heat per unit time of 
0, = RI}, 
where В is the filament resistance. 

When the switch is closed, the current through 
the left-hand half of the filament increases by 
0.5 of anode current, while that through the 
right-hand half decreases by the same value (see 
the solution of the preceding problem). 

Hence, we do not err much to assume these 
currents to be the same: 


I, = I, + 0.51, and Ig = It — 0-54 
Thus, the heat released by both currents per unit 
time is 

Q= ry А р = RE 025RDS, 


i.e. more than with the switch open. 
Then why does the temperature fall? 


3.23. Why Is the Magnetic Field Unchanged? 


A laboratory was investigating the behaviour of 


semiconductors in AC magnetic field. In order to 
produce the magnetic field a coil was _wound 
around a cardboard spool and the AC mains cur- 
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rent passed through it. Then an alternating mag- 
netic field is produced inside the coil in which 
a specimen can be placed. 

Since it was desirable for the experiment that 
the magnetic field be as intense as possible, the 
technical assistant wound three identical coils, 
one on top of the other, expecting to produce 


more intense. 
However, it was 
ic field of the thre 


3.24. How to Check Fuses? 


In apartment No. 19, where I lived, 
once went out suddenly. Usin 
was cleared up that th 


Н t to main’s Staircase fuse 
box with the control lamp to check the fuses. 
four-wire supply circuit is used in our apart- 


connections to the “zero” wire were thorough] 
insulated, which I did not want to remore: i 

Well, I decided, then the control lamp must 
nis A and В or A and C. 
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It will only flash if both fuses are in good repair, 
those for wires 3 and 2 or 3 and 1, respectively. 

To my great surprise, the lamp flashed in both 
cases. It also flashed when I plugged it between 


ap. No. 17 ар. №. 18 

Id pa 

i^ af Id 
0 D 

E 

1 c z 
2 B A 
3 А 
Fig. 3.11 


Points В and С, although that test was certainly 

unnecessary. 

_ Everything is clear, I t 

in the wiring between the 

ment! However, as I was 

my deductions and ... 
Meanwhile, you think it over, too. 


hought, there is a break 
fuse box and my apart- 
returning I rechecked 


3.25. Why Did the Lamps Flash? 
Practical lessons are being held in two adjacent 
rooms. The bell rang and the pupils took their 
seats. One quickly assembled a circuit and after 
Showing to the teacher, he plugged it into the 
mains. However, the circuit did not work. Whilst 
the first pupil was checking the connections, other 
Pupils assembled and plugged their circuits into 
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mains, yet none of these operated. They soon 
found out that electricity had stopped. Suddenly 
a current appeared, but the voltage was some- 
what higher than normal. Attempts to detect the 
cause of the distortion led to an unexpected “dis- 
covery”: it turned out that the mains voltage ap- 
peared whenever an electric stove in the room next 
door was plugged into the mains. Once it was 
switched off, the current disappeared. The pupil 
who was Operating the stove noted that it was 
not heated as much аз it should. 


Can you help the pupils find the cause of these 
phenomena? 


| 9.26. Why Are the Voltmeter Readings 
Different? 


A voltmeter of electromagnetic type was plugged 
directly into AC mains, and gave a reading of 


a 
Fig. 3.12 


125 V. Then the same Voltmeter w 
the mains through а rectifier 


lenium column or germanium 
Fig. 3.42. 


as plugged into 
(for example, a se- 
diode) as shown in 
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Since a rectifier only passes current in one di- 
rection, i.e. 50% of total time, the voltmeter 
readings should, as it would seem, be half as 
much. In fact, the voltmeter gave a reading of 
175 V! How can this be explained? 


3.27. Six Hectowatts “Are Equal 
to” Sixty Kilowatts! 


We know that 2hW = 200 Wand3hW = 300 W. 
By multiplying both equations we obtain 


6 hW = 60,000 W or 6 hW = 60 kW!? 


3.28. The Certificate of an Electric Motor 


The rating plate on an AC motor contains the 
specifications: V = 220 V, I = 5 A, and W = 
0.9 kw. 

However, if we multiply the two first num- 
bers we get 1.1 kW. 


Why then does the plate indicate a power of 
0.9 kW? 


3.29. Will the Capacitor Be Charged? 
ual motion machines 


Attempts to construct perpet n 
too. Officials at the 


Still continue in our days, 
Soviet Government's Committee for Inventions 
and Discoveries report on an average of eight 
Patent applications per month for such ma- 
chines, Some of these projects are very interesting. 
his is one example. It is known that in the 
absence of an electric field electrons moving in 
any conductor are in a state of perpetual motion. 
he total randomness of the motion might lead 
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to a situation in which the upper part of a con- 
ductor (see Fig. 3.13) contains more electrons than 
the lower one. Here the question is electron den- 
sity fluctuations. These fluctuations will result 
in a potential difference across the conductor ends 


tce of “gratuitous” energy. 
Urse be low, but it is the 
portant. 


LC acquire either an N-pole 
or an S-pole, even if the discharge current as 
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always in the same direction, the jar always be- 
ing charged in the same way. 

The first exhaustive explanation of the phe- 
nomenon was provided by the German physicist 
Heinrich Hertz (1857-1894). 

How could he do it? 


Chapter 4 
Optics and Atomic Structure 


4.1. A Simple Method 
of Travelling into the Past 


In a science fiction story by the French astronomer 
Camille Flammarion (1842-1925) the following 
method of looking into the past was proposed. 

Light rays transport visual images of the world 


though very quickly but not instantaneously, as 
was once believed. Su 


away from the Earth. 
low, light waves will 
mentalist and he will 


eee past, and will see 
great personalities long since dead. 


ult to imagine what an invaluable 
studying the dis- 
int ра paleontologists, archeolo- 
gists, i.e. the People 
from books and relics 
This project would, 
ful telescope and pow 
the rocket to the vel, 


of bygone days. 


_ ЧЇ engines to accelerate 
Ocities needed. 
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Doesn’t it seem to you that our century, when 
man controls atomic energy and subjugates outer 
space, is the right time to consider sending an 
expedition into the remote past? 

It remains only to regret that this “time ma- 
chine” would not, as Herbert Wells’s one could, 
show us the future! 


4.2. The Overalls of a Metallurgist 


Steel workers labour under hard conditions, deal- 
ing with molten metal which with the hot breath 
could burn man to a cinder. It would seem that 
to protect a steel worker at blast furnaces, open- 
hearth furnaces his overalls should be made of 
а material with low thermal conductivity. How- 
ever, these overalls are often covered with a thin 
layer of a metal which is an excellent heat con- 
ductor, 
What is the reason for this? 


4.3. Where to Place a Mirror? 


The closer to window we stand, the more we see 
of the street. It would be natural to assume the 
same situation happens when using a mirror. 
Actually, this is not the case. з 

We look in a mirror vertically hanging on the 
wall and only see down to knees. All our attempts 
to see more by approaching the mirror or moving 
away from it fail. 


What is the difference between these two cases? 


94 Physical Paradoxes and Sophisms 
4.4. An Uncommon “Mirror” 


dy knows that a plane mirror reflects light 
нЕ the light source only if the light is 
incident normal to the mirror, i.e. at 0 . If the 
mirror is tilted slightly, the reflected light rays 
will miss the source. However, a device can be 
constructed to reflect light rays along the path 
they travelled whatever the angle of incidence. 
You would be able to see your own reflection in 
Such a "mirror" irrespective of your position re- 
lative to the "mirror"! 


Try to design an Optical system that might 
possess such an interesting property. 


4.5. Why Does a Rainbow Happen? 


13 totally reflected from its back wall and then 
passes through the 


Íront one. Each transition 
from one medium to i 


refraction, which results in the origin of the rain- 
ow. 


However, it can e 
one total reflection a 
the drop to return to the air. 


"we "s еге О is the En 
гор), exceeds the Critical ang] 4 
Then at Point В we would h. OU edes 


after which the li 
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Since COB is an isosceles triangle, we have 
Z8 — /2 and, due to the second law of reflection, 
Z2 = /1.Thus, if angle 1 exceeds the critical 
angle, the same will be true of angle 3. In other 


A 


Ув 


SP, 


с 
Fig. 44 


total internal reflec- 


Words, we would also have r а 
ntinue indefi- 


tion at C. The argument would co 
nitely. 
How then do you ex 


plain the origin of a rain- 
bow? 


4.6. Is It Possible to Increase Illumination 


Using a Diverging Lens? 
А converging lens and a screen are placed perpen- 
dicular across a parallel beam. A circular spot of 
differing diameters can be obtained on the screen 
Y adjusting the lens. Naturally, when the spot's 
area is changed, the illumination within it does 
he same. 
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i inati beam on 
he illumination produced by the } 
2s surface is E, and the lens diameter is 


A 
с 
M 
B 
) Fig. 4.2 
AB (see Fig. 4.2), then the light flux passing 
through the lens will be 


о-в ливи. 


Since this light flux is distri 
over the area of a circle of di 
mination inside t 


buted on the screen 


ameter CM, the illu- 
he spot will be 


= 0 . (Cm)? "^ (АВ)? 
Head И (CM · 
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4.7. The “Vice Versa" Lenses 


We often use the expressions “а biconcave lens" 
and “а diverging lens" as synonyms. However, 
the biconcave lens is not always diverging, while 
à biconvex one is not always converging light. 

Can you guess when these lenses might be "in- 
terchanged”? 


4.8. When Do We Need a Longer Exposure 
Time in Photography? 


A man was photographed upright, then a close-up 

was taken of his face. Although the illumination 

of the pavillion remained the same, the photo- 

grapher decided to increase the exposure time. 
Why did he do this? 


4.9. A Wonderful Eye 


When looking through a 
can see it clearly through the transparent water. 

ut, when you dive in the river with open eyes, 
the shapes of all the objects on the bottom are 
blurred and indistinct. This is because human 
eyes do not have enough refracting ability to see 
Clearly in water. 

By contrast, fish have ana 
talline lens with which they see we 
but become short-sighted in air. 

Is it possible to design an eye that would see 
distant objects in both air and water? 

At first sight the task seems impracticable, yet 
under some conditions such an eye is feasible. 

Could you indicate which conditions? 


7—01216 


ir at a river bottom you 


1most spherical crys- 
П under water, 
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4.10. Why Do Wheels Rotate in the 
“Wrong” Direction? 


We often see in the cinema an amusing thing: 


the wheels of a moving carriage rotate in the 
wrong direction. 


How can this paradox be explained? 


4.11. How Does а Refracting Telescope Work? 


When constructing a refracting telescope, a long- 
focus lens is used as the objective, while a short- 
focus lens serves as the ocular. Since the objects 
observed in the telescope are very distant, their 


images are actually obtained in the objective’s 
focal plane, 


The image due to the ob 
ject for the ocular lens, whi 


4.12. Do Astronomers Need Telescopes? 
A telescope magnification is the atio of the angle 
subtended by the obj i es d 
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star is practically zero. Therefore even using 
the most powerful telescope you can only observe 
stars as luminous infinitesimal points (however 
Many times zero is magnified, it finally remains 
zero). 

Does this suggest that telescopes are only use- 
ful when observing comparatively near objects 
like the planets, while stars can be observed with 
the naked eye? 


4.13. What Aperture Setting Should Be Used? 


In order to increase the sharpness of an image on 
a photographic film the lens is stopped down, i.e. 
a diaphragm between the camera lens and the 
film is contracted. However, if the aperture is 
too small the image again begins to be blurred 
(this is why modern cameras have a minimum 
aperture setting of 1:22 instead of 1:36 as 
old cameras used to have). S 

Why, notwithstanding the production of very 
sensitive photographic emulsions which could be 
used with very small aperture settings, do we 
still not use apertures less than 1:22in practice? 


4.14. Is the Construction 
of Hyperboloid Realizable? 
racter in Aleksei Tol- 


Peter Garin, the main cha 
| ms Hyperboloid, was 


Stoy’s novel Engineer Garin s 
explaining his invention to Zoe Montrose. He 
Said: “It is as plain as a pikestaff. The secret is 
hidden in the hyperbolic mirror A resembling 
în shape the mirror of a conventional searchlight, 
and the piece of chamonite В, which is made in 


7* 
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the shape of a hyperbolic sphere. A hyperbolic 
mirror works as follows: 


“Light incident on the internal surface of a 
hyperbolic mirror is collected at a single point 
called the focus of the hyperbola. This is a well- 
known fact. Now at the focus of the hyperbolic 


Fuel 
A 


ST" Light rod” 


Micrometer screw 
| Fig. 4,3 


posits of which in Russia 
haustible. 


“The rays collected 


into a single “light год» of arbitr: diameter. 
By shifting hyperboloid vios 


Screw, I 


tically) down 10 а needle’s diameter. Nature can 
do nothing to resist this light rod. Buildings, 
battleships, airships, cliffs, mountains, the earth's 


4. Optics and Atomic Structure 101 


crust—everything can be pierced, destroyed, or 
cut by my beam." 

The scheme of Garin's hyperboloid is shown 
in Fig. 4.3. Is such an apparatus possible? To 
be more precise, would it be as powerful as stated 


by Garin? 


4.15. Instead of a Laser 


The energy flux density in the beam of a modern 
laser (optical quantum generator) is so high that 
like Garin's hyperboloid of which we spoke in 
the previous problem, it can readily cut the met- 
al sheets several centimeters thick and drill 
fine channels in the crystal of diamond, the hard- 
est substance in nature. At present lasers are 
used to more prosaic ends, such as cutting out 
cloths in big factories under programmed con- 
trol. 

Lasers can be used in many ways аз well. 
Yet their other applications are hindered by 
their rather high cost due to the complicated 


manufacturing process. ; р 
Er a simpler device which 


We shall try to design : : 
like a laser alts narrow light beam with a high 


energy density. 
Suppose that the light rays from a powerful 


Searchlight are incident from the left (see Fig. 4.4) 
into the funnelled opening of a conical tube whose 
internal surface is polished and silvered. After 
а succession of reflections the light. rays will 
emerge through the right-hand opening. Since 
ils cross-section can be made arbitrarily small, 
it would seem, we can provide а Very high energy 
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concentration in the light flux emerging from 
the cone. 


Fig. 4.4 


Since no such device, for all i 
in use our reasonin 
the fault. 


ts simplicity, is 
5 seems faulty. Try to detect 


4.16. Will the Colour Be Changed? 


The wavelength A is related t 


о the velocity of 
light c in a medium and to 


the medium's refrac- 
tion index п, i.e. 
m cy 
LEPA 
Ie Co 1,2 


It can be seen from this equation that in pas- 
sing from one medium to another the wavelength 
of the light is changed. For example, the wave- 
length in air is 0.65 Hm, whereas in water, whose 
refraction index relative to air is 1.33, the wave- 
length will be 


с ТМ о бора. 
Ages таз = 433 070.49 um. 


| The wavelength 0.65 Mm corresponds to red, 


while 0.49 pm, to blue colour, 
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Does this mean that a diver underwater will 
see the light coming from a red lantern as blue? 


4.17. What Is the True Colour? 


The colour of a body coated with a layer of white 
zinc paint is perceived as white. If Prussian blue 
paint were used, the body would be blue. In 
both cases the body seems to be coloured defi- 
nitely. 

However, sometimes the colour of a body can- 
not be described so easily and this can be il- 
lustrated as follows. 

If you look at cigarette smoke it seems to vary 
from bluish to reddish yellow, depending on 
where the observer is relative to the smoker, 


smoke, and light source. 
Why does smoke's colour depend on the ob- 


server's "point of view"? 


4.48. An Incident with В. Wood 


The American optician Robert Wood (1868- 
1955) was a great jester and a lover of fast driv- 
ing. He was once driving fast in the city and could 
not brake in time to stop when traffic lights turned 
red. He was arrested by а policeman and the con- 
versation developed along the following lines: 
“I am not guilty,” said Wood defending him- 
self, “I was a victim of the Doppler effect.” 
“What?” asked the astonished policeman. 
“The Doppler effect,” answered Wood and then 
added, “You must have noticed how an engine 
whistle or car horn coming towards you rises in 
pitch? This happens because your ear receives 
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more sound waves per unit time and so the whis- 
tle sounds higher. An analogous phenomenon is 
observed for light, too. Ifa light source ap- 
proaches you or you approach it, then its colour 
changes for you because its colour shifts to the blue 
end of the spectrum. I was driving rather fast 
and so the red traffic light appeared to be green!” 

We do not know how the conversation ended 
(it is said that the policeman eventually fined 
Wood for driving too fast). However, we are in- 
terested in another aspect: could R. Wood le- 
gitimately refer to Doppler effect? 


4.19. Negative Light Pressure 


were laid in 1900 
Y » 
cessfully applied in 1905 to light by A, Einstei 


hat light has а pressure. 


first experimentally detect- 
(1866-19 i 
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to return to the Sun? Tacking like yachtsmen on 
water do would be fruitless because interplanetary 
space is practically devoid of substance. However, 
it appears that a system can be designed that 
effected by light rays will be attracted to the 
source of the light. Try to imagine such a 


System. 


4.20. Why Do Identically Heated Bodies 
Glow Differently? 

How do you explain the following paradox: a 

piece of iron heated to 800°C glows very bright, 

while a piece of quartz (a less successful experi- 

ment can be performed with glass) heated to the 

same temperature barely glows? 


4.24. The Paradox of Rulers 


Place two rulers to make an acute angle œ (see 
Fig. 4.5). Suppose one ruler begins to move ге]- 


Fig. 4.5 


ative to another translationally with a velocity 
У, in the direction indicated in the figure, Then 
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the point where the rulers intersect will begin 
to move with a velocity у whose value can be 
determined in the following way. 

During a time interval At t 
covers a distance 


АА’ = BB’ = v, At 


he moving ruler 


and so the intersection point moves by 
AB’ = v At. 


The triangle ABB' yields 
АВ’ = ВВ'Қап о. 


Substituting this into the relations for AB’ 
and BB’ and cancelling by At yields 


v = v,/tan о. 


Let vo = 14,000 km/s and о; = 10° (tan 10° = 
0.035), then for the velocity of the intersection 
point we have 


14,000 km/s 
pos — Os = 400,000 km/s! 


How can this Бе р 
of the theory of те] 
light is the maxim 


econciled with the postulate 
ativity that the velocity of 
um possible? 


4.22. The Paradox of (he Lever 


Imagine that you have a lever 

g А > а lever whose shoulders 
have lengths 1 and l (see Fig, 4.6). Assume the 
lever is rotated ing a time 7. Then 
the distance covered by the ] id y 


be written in two Ways, viz 


S= 77 = 2x. 
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Analogously, for the distance S, covered by 
the right-hand end we have 


Sa = vT = 2 xls. 

By dividing these equations term-by-term we 
obtain: 

viva = Lilla, 

whence 


v=v; i 
If the right-hand shoulder is 100 times longer 
than the left-hand one, which has a velocity of 


Fig. 4.6 


4000 km/s, then the velocity of the lever's right- 
hand end will be 
vy — 4000 km/s x 100 — 400,000 km/s. 


This exceeds the velocity, of light! 
Is this really possible? 


4.23. How Much of Radium Did the Earth 
Contain When It Was Born? 


Suppose that there is only 1 kg of radium pres- 
ently on the Earth. This isa gross underestimate 
because laboratories and hospitals all over the 
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world possess much more. However, for simplic- 
ity we shall use this quantity. у р 
Radium’s halflife is 1620 years. ; 
1620 years ago there was twico rm PAS uius TS 
as there is now, i.e. 2 kg; 3240 years ago there 
was 4 kg, etc. We can compile a table ќе) obtai 
the mass of radium on Earth, taking its a sg 
be 10 years, this being in accordance with the 
latest geological and astronomical data 


SS c 


Number of years to Number of ' 
the present halflives Mass of radium, kg 
0 0 1 » 
1620 1 Lao 
3240 2 Een 
4860 3 re 
6480 4 Е ая 
1010 1010/1620 ор 
219 /1620 


The tabulation indicates the amount 
on Earth 10!^ years ago was 9f radium 


910711620 kg — 961710 ke, 


Taking logarithms of both sides of th 
yields 16 equation 


log т = 6.17 X 105 x log 2 = 1,857,000, 


Whence the mass of radium on the Ea 
it coalesced was rth when 


mi 10! ,857,000 kg! 
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How can this be reconciled with the fact that 
the mass of the whole Earth is now “only” about 


6 x 10% kg?! 


4.24. How Do Cosmic Rays Originate? 


At the beginning of this century the Austrian 
physicist Victor Hess (1883-1964) was one of 
many researchers to show that Earth's surface 
is continuously being irradiated by a flux of 
cosmic rays, i.e. fast protons and a-particles 
originating from outer space. Their energy is 
colossal (certainly, for particle physics) with a 
magnitude of 1019 eV. The largest accelerators 
now can only generate charged particles to ener- 
gies of about 4 x 101° eV. The Italian physicist 
Enrico Fermi (1901-1951) advanced the follow- 
ing hypothesis concerning the origin and genesis 
of cosmic rays which is at present accepted as 
the most probable. 

Astrophysicists have observed moving clouds 
of interstellar gas and the accompanying magnetic 
fields due to the motion of charged particles in- 
side these clouds. Fermi’s hypothesis holds that 
cosmic particles encounter these randomly wan- 
dering magnetic fields and are accelerated by 
them. 

However, we know that the force acting nor- 
mal to the magnetic field on a moving charged 
particle (Lorentz’s force) is directed perpendicu- 
lar to the velocity of the particle. It can only 
change the direction of the velocity, not its mag- 
nitude. 

How does Fermi’s hypothesis explain the nec- 
essary acceleration? 
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4.25. Nuclear Reactions and the Law 
of Mass Conservation 


The neutron was discovered in 1932 by Sir James 
Chadwick and is unstable. In due course it de- 
cays into a proton, an electron, and an antineu- 
trino. The decay equation can be written down as 


1 0 055 
in ipod. 


when n, p, € and v are the s 
proton, electron, and antineutrino, respectively. 
The superscript is the mass of the particle and 
the subscript is its charge (both in atomic units). 

A process has been discovered in which a pro- 
ton is transformed into а neutron, a positron, 


and а neutrino. The equation for the “nuclear 
reaction” is 


1р > ght ye toy. 

Thus, as a result of these tw 
ing one another, a neutron 
addition, four new particles, 
tron, a neutrino, and an ant 
duced. 

How can this be reconciled 
energy conservation? 


ymbols for the neutron, 


о reactions follow- 
is “reborn” but, in 
an electron, а posi- 
ineutrino, are pro- 


With the law of 


4.26. Are There Electrons Inside 
an Atomic Nucleus? 


Soon after the bisque. de 
the Soviet physicist Dmitriy Ivanenko b. 1927 
and independently the German physicist Каа, 
Heisenberg (Ъ. 1901) proposed а theory of nuclear 
structure according to which each nucleus is 


tection of neutron 
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composed of protons and neutrons generically 
called nucleons. 

If the atomic number of an element and its 
mass number (the atomic mass rounded-off to an 
integer) are Z and A respectively then the num- 
ber of protons in a nucleus is Z, while the num- 
ber of neutrons is А — Z. There are no other par- 
ticles in nucleus. 

The validity of the proton-neutron model of 
the nucleus is not doubted. 

On the other hand, one type of radioactive 
transformations, i.e. p-decay, is the decay of an 
atomic nucleus with the ejection of a f-particle, 
i.e. a common electron. 

Where did the electron come from? 


Solutions 
Ch. 1. Mechanics 


1.1. Subway trains strict] 
and arrive at stations at de 
Let us use this to solve th 


У follow a time-table 
finite intervals of time. 
е problem graphically. 


2j 42 Аз A, 
8:00 B, By 8, 810, 
Time —— > 
Fig. 5.1.1 


Figure S.1.1 shows a time axis whose origin 
is at 8 a.m. Along the axis the lower triangles 
label the arrivals of the trains going the раса 
ger's way, while the upper triangles do the vind 
for the trains going in the 9Pposite direction 
The trains arrive every three minutes in both 
directions. N 

Since we stated that the time when | = 
ger arrived at the platform 13 забар чаз 
might occur in the intervals A,B, or BA, tar 
A,B, or В, Аз, etc.). If the passen 8 
the platform within the intervals А.В, A, 
the first train to arrive, after he reaches ee 
form, will be in his direction, while рису 
the platform during В.А», BLA, 


i ite duis" $ Ше f 
train will be in the opposite direction. binse un 


Solutions 413 


latter intervals are twice as long as the former, 
the probability that the passenger will reach the 
platform in time to see a train going in the op- 
posite direction will be twice the probability 
that the first train will be going his way. At an- 
other station these relationships would be differ- 
ent. 

This problem effectively illustrates the utility 
of graphical methods of solving problems. 

1.2. This problem is often solved in completely 
contradictory ways. Some people argue that the 
propeller-driven sledge will remain immobile, 
while others state it to move ahead. 

Meanwhile the correct answer is that the prob- 
lem as given has no solution at all. 

Let us consider two extreme cases. Suppose 
that there is no friction between the conveyer 
belt and the sledge. Then the belt’s motion will 
not tell on the sledge’s velocity, since the sledge 
is driven by a propeller. The vehicle will sort of 
hover over road and the latter’s motion will not 
influence the motion of the sledge just as the 
motion of a road cannot affect the velocity of an 
aeroplane flying above it. 

At the other extreme case, if there is a great 
deal of friction between the sledge and the con- 
veyer such that the thrust produced by the pro- 
peller cannot overcome the friction, the sledge 
can be treated as being fixed to the conveyer belt. 
Then, of course, the vehicle will move in the 
same direction and with the same velocity as the 
conveyer belt. 

There are as many different sledge velocities 
as there are intermediate cases. A special case 
is when the sledge’s position relative to envi- 


8—01216 
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ronment remains unchanged, i.e. it will be motion- 
less. This will occur when the propeller’s thrust 
equals the friction (the air resistance being neg- 
lected). However, this state would be unstable, 
since even a slight push one way or the other, 
due to irregularities in the conveyer, will start 
the vehicle moving relative to the ground in the 
appropriate direction. 

1.3. The resultant velocity of point A (Fig. S.1.2) 
is the one observed in reality, i.e. ihe boat's 


horizontal velocity vy. Hence, 
which the rope is hauled in is o 
nents. But what is the direction of the Second сот- 
ponent? 

This direction must be chosen so that the mo- 


the velocity at 
ne of its сотро- 


tion in that direction does not change 
tude of the rope velocity, | у, |, and only changes di- 
rection. We can easily see that this wil] onl 

be the case when the direction of the зесопа cns. 
ponent is at a right angle to the rope. Otherwise 

we might always decompose the second compo. 
nent у, as indicated on the left-hand sidg of 
Fig. 5.1.3, so that one of the new components 
v; changes the value of vr. 


the magni- 
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This suggests that in our case the parallelogram 
of velocities must be a rectangle, inside which 
the resultant velocity is horizontal, while one 


Fig. S.1.3 


of the components coincides with the rope's di- 
rection. By making the corresponding drawing 
(the right-hand side of Fig. 5.1.3), we find that 


[уг] 

1а" 
this being a correct solution of the problem. 

Thus, although any vector can be decomposed 
in arbitrary directions, not every decomposition 
is meaningful. The decomposition shown in 
Fig. 1.1 is physically meaningless since the re- 
sultant is the motion along the horizontal 
rather than along the rope and it is this resultant 
that must be decomposed. 

The problem can be solved most easily by differ- 
ential calculus. 

From triangle ABC (see Fig. 5.1.2) we get 


(АВ) = (ВС)? + (AC). 


3* 
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By differentiating this expression with respect 
to time and assuming AB — l, BC = h = const 
and AC — s, we find that 

di $45. 
a= тас 


Given that 5/1 = cos a, we get 


dl _ ds 
an dt cos с. 


di . A , 
However, ai İS the magnitude of the rope’s 


hauling-in velocity, | v, |, while as is the mag- 


nitude of the boat’s velocity, | уь |, therefore, 


| Vr | = | Vp | cos о, 
or 

= [yr] 
IY] = cosa ` 


1.4. The velocity at which the load is raised 
will not, naturally, be changed if both ropes are 
passed over a block and pulled with the same ve- 
locity as before. It is only necessary to put guides 
KL and MN to lift the load Р along the same 
path as before (see Fig. 5.1.4). The new forces 
(the friction between the load and the guides) 
should not disturb us since the problem is purely 
kinematic. 

Its solution will not change either if both 
ropes are substituted by a single rope, since the 
second one becomes useless. Thus, this problem 
is analogous to the preceding one, which becomes 
evident if we rotate Fig. 5.1.4 by 90° clockwise 
and compare the result with Fig. 1.4 ог 8.1.2. 


oe 
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The load acts as the boat and the velocity u 
is the resultant one. At the same time the rope 


velocity v is one of the components. For the sec- 
ond component v' to have no projection orient- 


Fig. S.1.4 


ed along the rope, it must make right angle 
with the first component. 

Then from the velocity triangle OBC it follows 
that 

Ivi 

jal = cosa ° 

1.5. The average velocity of the motor-cyclist 
is rigorously zero according to the formula 


Vay = s/t, 


since he finally returned back to point A (i.e. 
the displacement $ = V. 

However, in everyday life the average speed 
is the average of the magnitude of the velocity 
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which can be found by dividing the distance cov- 

ered by the time taken. Let us consider the speed. 
An intuitive and usual answer of 50 km/h 

is wrong. Let the distance between points A 

and В be 1. Then the time spent by the motor- 

cyclist travelling from 4 to B will be 

5 = Ид. 

The return run requires 

ta = l/v,. 


The whole distance back and forth will require 


ЕЕ _ depu 


Ui ve ViVa 
The average speed is thus 
21 _ 2 — 9 YW, 
WW YE AES 
0103 


Substituting the values for v, and ields 
Vay = 48 km/h. t Va уе 


The equation for the ay 
transformed to 


т = [s tee) à 


erage speed can be 


This value of vay is called th 
of v, and v,. Hence, the harmonic average of two 
numbers is the reciprocal of the arithmetic mean 
of the reciprocals of the component numbers, 

The harmonic mean of two numbers а and b 
can be drawn geometrically. 

Figure 5.1.5 presents the hyperbolic curve of 


Й, 
the function у = —. Let us plot the segments 


€ harmonic mean 
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OA, = a and OA, = b on the z-axis. Then let 
us draw from points A; and A, normals with re- 
spect to the z-axis, to intersect with the hyper- 
bola. So we find points B, and В». We then find 


0 АА 42 x 
Fig. 5.1.5 


C, and C,; they are the points where the hori- 
zontals, passing through Bi and В., intersect 
the y-axis. We find the mid-point C between C, 
and C,, and reverse the procedure to find B and 
A. The segment OA is then the harmonic mean 
of OA, and ОА» and thus the numbers a and b. 


This follows from the system 


1 
А.В, = 1, 

1 
А.В, = -, 
4B=4, 


AB = + (А, В+ 42B). 


One can show that the harmonic mean h of 
two numbers a and b, their geometric mean g = 
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У ab, and their arithmetic mean m — 4 > > аге 
related as $ 
mzmgumh 


(the equality sign is valid when a = 5). 


The average velocity is only occasionally the 
arithmetic mean, for example, for motion with 
à constant acceleration. In this problem though 
Hip average velocity is the harmonic mean of v, 
and v,. 

1.6. Let us check the soluti i 

, ons by calculatin 
the time needed to reach the height 6 m for ihe 


initial velocities 21.5 and 13 iv 
нн :0 m/s, respectively. 


p= — = Y vi 2as 
а 


yields two times for the initial velocity 21.5 m/s: 
t = 0.3 sand t, = 4s and two ti S43. xi 
ah saeco. imes for 13.0 m/s: 
Thus, for any initial velocit isfyi 
Nd y satisfying the 


v2» 2x 10 m/s x 6 mz 11 m/s 


the stone will be at a height of 6 m twice, once 
when moving upwards and once when fallin 
The higher the initial velocity, the longer the 
stone will take to rise to the culminating point 
of its trajectory and the later it will reach when 
falling, the given height. 

The times given in the text were specially 
selected to match the descent time. 

All this is illustrated in Fig. 5.1.6, where height 
versus time charts are given for both cases, The 


p 
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upper parabola is for the initial velocity of 
21.5 m/s, and the lower one for 13.0 m/s. 

1.7. When a car is braking, a passenger’s body 
conserves its former velocity and so is thrown for- 
wards. In order to resist the fall, the passenger 


Fig. 5.1.6 


instinctively strains his leg muscles. When the 
car stops, the passenger could not immediately 
relax his muscles and these push him backwards. 
Carriage springs act in the same way as human 
muscles. 

In case of braking the car suddenly the pas- 
senger's muscles are unable to adjust to the situa: 
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tion and his (her) body 15 thrown forwards, in 
accordance with the law of inertia. 

1.8. It was once believed that a steam locomo- 
tive could not start a train moving if its weight 
exceeds that of the locomotive. Therefore the 
first designers provided their locomotives with 
legs to push against the ground (Brunton's steam 


ficients between the Carriage’s wheels and the 
rails and between the locomotive's driving 


wheels and the rails were unjustly assumed to 
be equal. 


of contact between 
riage's wheels and 


ficients for the wheels of the locomotive and the 
carriage are lower than the maximum, but not 
the same: the friction coefficient for the locomo- 
tive’s driving wheels is higher. The Weight (more 
exactly, the coupling weight) of a locomotive 
multiplied by the high friction Coefficient ob- 
served under uniform motion is equal to the 
product of the weight of the train and the low 
friction coefficient. These coefficients, ky and ky, 
may substantially differ and cannot be equated 


p а 
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together, as is done in the sophism. Headley, 
who constructed in 1813 his steam engine “Puf- 
fing Billy”, was the first engineer to demonstrate 
this fact experimentally. However, the first true 
steam engine was built somewhat later by George 
Stephenson (1781-1848). 

1.9. Of course, the friction force does not de- 
crease due to the measures suggested in the ques- 
tion. However, rotation is affected not so much 
by the force itself but its moment. It can be shown 
that the moment of braking friction force and 
hence the losses due to the work against the 
forces of friction decrease with the radius of the 
friction part. 

1.10. At the right and left dead centres of the 
cylinder in the figure the piston of an operating 
engine stops for a short time to reverse the di- 
rection of motion. At these moments the lubri- 
cating oil is squeezed out from the space between 
the piston and cylinder walls and in the moment 
after this event the piston runs along dry surface 
until it comes in contact with a lubricated sur- 
face. Naturally, dry surfaces wear faster than 
lubricated ones. 

1.11. The part of the problem related to the 
bar is correct. The second part would also be 
true if we were able to make a perfectly hard 
pall and a similar surface. However, all real bodies 
are somewhat deformed due to loading (includ- 
ing the ball’s own weight) and as a result the 
ball and the plane contact over some finite sur- 
face rather than at a point. Within the limits of 
the surface the reaction at support can be slight- 
ly shifted mn ios март Tor the moment of 
a couple of the force applied and the force 
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namometers (it is con 
dial” type) so that tab 
heights. The readings on the 
different —the higher reading for th 


Fig. 8.1.7 


translation) and the moments of the forces va. 
nish (no rotation). Since there is no rotation, 


ЕЕ 79-0. 
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for example, with respect to the axis passing 
through the centre of gravity of the table, then 
the sum of the moments of the force of gravity P, 
the friction forces F, and F, acting on the table 
legs, and the support reaction forces В, and R, 
is zero (the forces are all labelled in Fig. 5.1.7). 
By taking clockwise moments around the axis 
passing through the centre of gravity of the ta- 
ble С to be positive, and anticlockwise moments 
negative, we arrive at the following relation 


[Е [a+] Folk ТА 11—18 11 

+ |P 0 = 0. 

Whence 

[8,11 —IR |= IIA E 11 

or 

IR, — Ви = (Fi FD > 0. 

i.e. 

| R, | >| В, I 

Note that if there is no friction at all, i.e. 
|F, |+ | = 0, 


then should the table slide along an inclined 
plane we would have 


ІВ, |= ТВ, |, 


i.e. the pressures of the table’s legs at points А 
and B on the inclined plane would be the same. 

1.13. Let us extend R, to intersect with the 
extension of F, and substitute it at the inter- 
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section point C for for 


ces F, and F,, as shown in 
Fig. S.1.8. 


Fig. S.1.8 


Triangle ABC is similar to BLK, hence we 
can write 


AB LK . АВ ІЕ, | 


WO — DB °° AG ЧЕ 


In the same way from the similar 


ity of triangles 
AO,C and EFC we have 


AO, | EF, 40: ___IFyl 
AC BG * AC IFil+ IESU 


From a term-by-term division of these equations 
we get 


AB IFil-+|Fel ör AO,+0,B IFil+/F.| 
AO, — Е] б 40, Г] 
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After reducing to a common denominator and 
some other transformations the last equation 


can be rewritten as: 


11 _ A0: 
IE 018° 


Thus, point О, divides AB inversely propor- 
tional to the moduli of forces Е, and Fy, i.e. 
O, must coincide with point О. Hence, Figs. 1.8 
and S.1.8 are not correctly drawn. 

1.14. Since at each instant the line along 
which the reel is in contact with the floor is 
stationary, it can be regarded as an instanta- 


neous rotation axis. 


Fig. 5.1.9 


Figure S.1.9 shows that the horizontal force F, 
has a moment with respect to this axis that tends 
to rotate the reel anticlockwise in direction 7. 
This will make the reel move towards the ex- 
perimenter. 
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When the thread is inclined at a sufficiently 
large angle, the moment of force F, relative to 
the instantaneous axis tends to rotate the reel 
clockwise in direction 2 and the coil runs away 
from the experimenter. 

1.15. Aristotle assumed that the upper stone 
only pushes the lower stone. In reality, the upper 
stone not only (or, to be more precise, not so 
much) sets the lower stone in motion as sets it- 
self in motion. 

In other words, the force acting to set the 
Stones in motion (і.е. the force of gravity) is 
doubled, but so is the mass being acted upon, and 


hence acceleration remains the same in agreement 
with Newton's second law: 
F 
а = —. 
т 
1.16. The error in t 
is the baseless assumption al 


the laws of mechanics. It is mo: 
assume that the bar of mass M. 
some other force F* 4 F, Then 
M, is exposed to В =Е— Px 
second law 


re reasonable to 
2 is affected by 
the bar of mass 
and by Newton’s 


F—F* _ Ft 
Buc ap and ap 


Since the bars are constantly 


in contact, their 
accelerations must be equal to 


a, = а, = а, і.е. 


F—F* F+ 


Mi М.’ 
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whence it follows that 


Poa Мар, 
Mı+ Mə P 


Thus, the bar of mass M, is not exposed to 
М. à 

the whole force F, but only to то; of it. 

By substituting F* into any expression for ac- 

celeration (for simplicity, into the second one) 


we get 
s 
Mı+ М. ` 


The same result would be obtained, if the force 
applied to the barsis merely divided by their com- 
mon mass. 

1.17. Before proceeding with the solution of 
this problem, let us solve another one. 

Physicist A. was born in 1870. When he was 
37 he was elected to the Academy of Sciences 
and then he lived another 40 years until his death 
in 1960. How old was he when died? 

After a brief contemplation we inevitably 
arrive at the conclusion that the data given can- 
not apply to a single person. Actually, depending 
on whether we use the birth and death dates or 
use the other biographical data, we obtain two 
different answers, viz. 90 or 77 years. Thus, the 
problem is inherently contradictory. A unique 
Solution can be ensued if some of the data are 
corrected or ignored. 

In just the same way the values given in our 
problem cannot be related to the motion of а 
single body: the problem contains redundant and 
contradictory data. For example, by excluding 


азб 


a= 
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from the statement the information on the dis- 
tance covered (or the time of motion), we ob- 
tain a correct, conventional, and readily sol- 
vable problem. 

To conclude, we must note that the reservation 
Concerning the direction of force and the absence 
of friction is not redundant, and we suggest the 
reader verify this independently, 


1.19. First, let us find t| 

all the balls imme diately after cutting the 
: g 
threads. By taking both the forces and accelera- 
tions directed downwards аз Positive we get the 
following for the accelerations 
М. Mg+ 

— Ma— fi fu —Mg—2Mg4 Mg 

a Ms DM e, 


he accelerations of 


Consequently, the acceleration of ball M, is 
indeed not g. Nevertheless, this in nO way con- 
tradicts the assertion that under free fall the 
centre of gravity of a system must move with 
the acceleration due to the Earth’s gravity. In 
fact, the system’s centre of gravity only coin- 
cides with the centre of ball M, at rest, (this 
follows from the equality between the masses 
of the balls and the distances AB and BC). 


p p м p Ч 


Solutions 4134 


However, the last equality is violated after the 
thread is cut. In fact, the elasticity of spring 7 
is more than that of spring JI, since they are 
stretched the same amount by different forces. 
Therefore after the thread is cut the first spring 
contracts faster than the second; the distances 
AB and BC will cease to be identical and the 
centre of gravity of the system will move down- 
wards with respect to М». To find the position 
of the centre of gravity at some instant we use 
the conventional formula (it is derived below 
when solving Problem 1.30): 


Dre Мах: 4+ Matat Mata i М (xy zo 23) 
Bom М: Mat Ms 3M A 


= zıt titis 
our coment 

Now let us superpose the origin of coordinates 
to coincide with the centre of ball M, with the 
x-axis pointing downwards. Since the initial 
acceleration and velocity of ball M, are zero, 
we have x, = 0. After cutting the thread the 
coordinate x, of ball М» will beaconstant value 
(l is the length of spring II), since both the ini- 
tial velocity and acceleration are zero, too. 
Meanwhile for ball M; we get 


а= - (ai 2) = + 


By substituting these values into the expres- 
sions defining the centre of gravity, we get: 
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We thus have an equation which demonstrates 
that, as one might expect, the centre of gravity 
of the system moves downwards (the accelera- 
ile initial velocity vanishes!) 
£. We can show (but it is 
le same is valid at any аг- 
bitrary instant as well as immediately after cut- 
ting the thread. 
he error in that an in- 
8S about an increase in 
9n and air drag), while 


‹ acceleration decrease 50 
that the velocity is limited. 


there can exist in princi 
which no velocity-d 


mple, a rocket moving in 
although there are some 
be taken as negligible. 


P = 100 N x 600 m/s = 60,000 J/s — 60 kW, 


Le. again an absurd result, Since a power like 
this can be developed by a man for an extremely 
short period of time, for example, when he jumps. 

But it is here that the key to the paradox lies: 
Since the power must remain Within reasonable 
limits, the thrust force due to the cyclist must 
diminish with velocity. 

А more detailed solution can be formulated as 
follows. At each given angular velocity of pe- 


саа > = 
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dals, v, there exists a maximum force, Fmax, 
with which the pedals are pressed. The Frax 
versus v graph is shown in Fig. 5.1.10 by solid 
curve, which shows that a human foot cannot act 
on even a resting object (v = 0) with a force 
exceeding a certain value F,. On the other hand, 


Fig. S.1.10 


as the velocity of a pedal approaches a certain 
value v,, the force Етах must tend to zero, since 
at high velocities the cyclist will be unable "to 
press on the pedals." In the same figure the dashed 
curves of equal power are presented (the hy- 
perbolas Fv — const). The lower the power cor- 
responding to a hyperbola, the closer the dashed 
line approaches the coordinate axes. It follows 
from the figure that at high velocities the net 
power that can be developed by the cyclist may 
even diminish with an increase im velocity and 
vanish at v = Vo! j 

А high power does not mean a higher thrust 
force. For example, the photon rockets designed 
have the thrust force of only a few tens or hund- 
reds of newtons (compared with the engine of a 


pA 
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modern jet which exerts a thrust force of hundreds 
of thousands of newtons), hence such a rocket 
Could not take off ind pendently because the 
available thrust force is much lower than the 
force of gravity. Therefore photon engines will 
only Бе started after the rocket is already in space 


chausen and а cyclist, According to the tale, 
ünchausen “succeeded” in lifting the centre o 


of gravity of the whole system remains un- 


cycle moves along the ground the bicycle-cy- 
clist system is not closed and its centre of gravity 


For example, a circus trick involves à cyclist who 
Starts riding on two wheels, then jerks the front 
wheel up and continues riding on the back. The 


lo accomplish this). 
1.22. When written in the form 
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the law of gravitation is indeed for point bodies, 
i.e. objects whose linear dimensions ] are sig- 
nificantly smaller than the distances А between 
their centres of mass. 

If R is not greater than 1, then we must be care- 
ful and allow for the shape and size of the bodies 
involved. Generally, in order to find the gravity 
force between two bodies we must divide them 
into small parts such that each can be taken as 
a point, find the forces between each point in 
the first and second bodies and find their vector 
sum. This is how we must calculate the forces 
acting between à person and a chair or a stone 
and the earth, there will then be no infinity. 

Generally, finding the vector of many forces 
is mathematically Very complicated. However, 
if the interacting bodies are hollow spheres or 
balls (with а uniform mass distribution over the 
surface or volume!), then the gravity force can 
be calculated from formula (1) even when the 
distance between their centres is comparable 
with their radii, and this relationship is valid 
down to В = № + В» (В, and R, are the radii 
of the spheres or balls). 

For the bodies of arbitrary form at small R 
(R is assumed to be equal to the distance between 
the centres of mass) the interaction force cannot 
be calculated from formula (1). For example, 
the centre of mass of torus is outside the torus. 
Therefore a small ball can be placed inside the 
torus so that its centre of mass coincides with 
that of the torus: R will thus be zero, yet the 
gravity force between the ball and the torus will 
not tend to infinity- On the contrary, geomet- 
rically summing the forces acting between sep- 
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arate parts of the ball and the torus will yield 
a zero resultant, 


1 : 
1.23. The magnitude of the high and low tides 
is not so much det 


ermined by the gravity force 


Fig. 8.4.41 


of the Sun or Moon, аз by the 
the gravity forces of the Sun, etc. 
the Earth’s centre and at i G 
equal, these forces would impart t 


would move as à single whole 
be no tides, 
However, the centre 


acing the Moon (or the Sun), 
Therefore their accelerations will diff 


yM ҮМ — d*— (0— руа 
Aa = (d—Ry —-gi Eat P 
Where ЛГ is the mass of the Moon (Sun), d i 
distance between its centre and the centre of 
the Earth, R is the radius of the Earth, and ? 
is the gravitational constant (Fig, 8.1.11). 
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Since in both cases R « d, we have 


ax 


This difference based on the “normal” gravi- 
tational acceleration g will be 


Aa yM . Me 9 М (EY 
т xg m (a) 


where Mg is the Earth’s mass. 
For the Moon 


T AO > 
Mu UE and = 90° 


relative reduction in accelera- 
uently, for the relative reduction 
he side facing the Moon) 


Whence for the 
tion (and, conseq 
in the force of gravity on t 


We get 

Auc ABI а В 
Av EM 81x00 . 9x105 * 
For the Sun 

M RS io 
Uns = 332,400 and -у-= 23,500 * 
Whence we get 

Да АР i 


Е 
Thus, solar tides must really be half as strong 


as lunar ones. 
1.24. Formula (1) expresses the fact that, for 


the same distance covered, the work done will 
be larger, the large? the force performing the 
work. Similarly, expression (2) implies that for 
the same force, the work increases with the dis- 


138 Physical Paradoxes and Sophisms 


tance covered. (The work can only be doubled 
by doubling the force if the distance remains the 


if the force remains unchanged.) Thus, the gon 
| 5 а variable in formu 


ence, equations (4) and (5) derived from (1) 
and (2) by term-by-term multiplication and di- 
vision must take both k, and ky аз variables. 
Whence it follows that ky and k, are not con- 


stants. Indeed, from the meaning of k, and fs 
we can deduce that 


к= V Fs and k, == To 


By putting д, and k, into (4) and (5), respec- 
tively, we obtain the tautologous ex pressions 
A=VFs./ Fs р; and Fev. 

5 

This sophism is not onl 

for work but, of Course, to all 


pressed analytically by m 


$ = kw and s = at 
we get 
s=k, V vt, 
where 
к= V kik, =V vt or v= kt, 
where 
_ № м 
= NCC 
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1.25. No violation of the law of energy con- 
servation is possible. It is valid in all known pro- 
cesses. We needed only take into account that 
the collision between the projectile and the hand- 
cart is inelastic, i.e. part of the projectile’s 
energy, namely, one half, is spent overcoming 
the force resisting its motion inside the hand- 
cart and finally it is transformed into heat, while 
the truck is set in motion with the remaining 
energy. 

1.26. If coal is burnt on the third floor height, 
the potential energy of the combustion products 
(water, ashes, carbon dioxide, carbon monoxide, 
and unburnt coal particles) will increase exactly 
as much as the coal potential energy. 

1.27. The fuel contained in the tank of a flying 
rocket possesses kinetic energy due to the speed 
resulting from burning fuel. Therefore the ener- 
gy possessed by each kilogram of unburnt fuel 
will be produced from both the heat of combus- 
tion independent of the rocket’s velocity and 
an ever increasing kinetic energy. At a velocity 
of about 3 km/s the kinetic energy of a kilogram 
of fuel is comparable to its heat of combustion, 
i.e. the store of chemical energy; by the time it 
reaches the orbital velocity the kinetic energy 
of the fuel is three times that of the heat of com- 
bustion. It is this fact that explains the paradox. 

1.28. A gas balloon displaces a greater mass 
of air than the mass of the balloon, since the 
latter is filled with a gas whose density is lower 
than air's. At a height H the balloon's potential 
energy 13 increased by VDgH, where V is the 
volume of the balloon, D its average density and 
g is free fall acceleration, i 


140 Physical Paradoxes and Sophisms 


At the same time the volume the balloon oc- 
cupied now Contains air that Was pushed down 


S a result, the Potential energy of the at- 
loon system is lowered by 


It is this energy loss that lifts the balloon. Thus, 


the same reason that forces wood and gas bubbles 
to float in water is evident, 


to attain the state of 


1.29. When rolling down a hill 
moves along the ground andit also y 
its centre. 

Therefore the right-hand Side of the equation 
in the problem for the law of energy conservation 
must be supplemented by an additional term for 
the kinetic energy of rotation, wr: 


тен = WE" 4. wi. 


From Fig. 5.1.12 it can be seen that the hoop 
moves relative to its centre with the same veloc- 
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ity with which the centre itself moves relative 
to Earth's surface. Let us choose a point В оп 
the hoop which at a given instant is in contact 
with ground and therefore stationary with re- 
spect to it. If the hoop's centre possesses а velocity 


om 


\ 


) 
я 


Fig. 5.1.12 


Earth, then it will possess the 
same velocity relative to the point B. Yet if the 
centre A moves relative to the point B with a 
velocity v, then the point B must do so relative 
to the point A®. Every point on the hoop is equiv- 
alent and if one moves relative to hoop’s centre 
with a velocity V, then the others have to do so 
too. We can conclude that the following equation 


is valid: 


v relative to the 


rot 


wie = Е 


s) We used the expression "the velocity of point / 
correct to speak about the velocity of a point relative to 
the reference frame related to the Earth's surface (or one 
related to the hoop's centre, when later we consider th 
Velocity of the hoop relative to the hoop centre) he 
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However, 


trans mv? 
Wy e 


therefore 
mgH = mè. 


Whence for the velocity gained by the hoop we 
have 


х= УЕН. 


By substituting H — 4.9 m into the last expres- 
sion we get: 


stantially complicates th 


these problems, it is useful to introduce the 
notion of the moment of inertia whic 


rotating, then Wi = 0 and the у 
be calculated from the formula giv 
sophism. 5 

The validity of this argument can be easily 
checked experimentally, i.e, by comparing the 
time taken for two identical hottles of the same 
mass, one filled with water and the ather with 


elocity can 
en in the 


Solutions 143 


a mixture of sand and sawdust to roll down an 
inclined plane. 
. The potential energy of the first moving bottle 
is almost completely transformed into the kinet- 
іс energy of translational motion, since water 
does not rotate, except for à very thin layer next 
to the walls of the bottle (to simplify matters, 
we neglect here bottle's own mass). 

The sawdust-sand mixture rotates with the 
bottle and a significant fraction of the bottle's 
potential energy i$ transformed into rotational 
kinetic energy. "Therefore the kinetic energy and, 
consequently, the velocity of translational mo- 
tion turns out to be lower for the second bottle. 

1.830. The centre of mass of a system consist- 
ing of two point bodies is the point that di- 
vides the distance between the bodies into the seg- 
ments inversely proportional to the masses of 
the bodies. Thus, if S is the centre of masses of 
two bodies m, and Ma lying on the z-axis at 
x, and zs, respectively; then 


zg—z, _ ma 
23—25 m 
whence 

TE mızı + Mate 
pare m; rna 


If the system contains one more mass тз at x5 
on the z-axis, then the centre of mass of the whole 
system will be the centre of mass of (m, + m) 
at 25 and of the mass ms- The centre of mass of 
the system will be 


(т; та) 23-Е тата __ тулу -+ mata- mag 
= (та 4- ma) - ms ті т-та 
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For n points along the z-axis the centre of mass 
will be at 


тат --тохо--...-Ртпть 


mit mad... Mp 


If the points are randomly scattered in space 
rather than lying on the z-axis, then two equa- 
tions are needed to define the centre of mass in 
space, viz. 


To = 


— ти d тәу... тауп 
Yo= тата... ть D 
РР т12141- mazo d- . .. ]- mnzn 
о myt mt- ... та 


These formulas, called the Torricelli formulas, 
or, to be more exact, the first one can be used to 
solve our problem. 

In order that the upper brick does not fall over 
the lower one, the centre of mass of the top brick 
must lie within the contour of the support, i.e., 


y 


1/2 


Fig. 3.443 


in one dimension the centre of mass of the upper 
brick z must not be larger than 1 (see Fig. 5.1.13). 
Thus, the increment Az, by which а brick in a 
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wall can overhang the lower one must satisfy 
the condition 
1 


Az <. 


Now let us consider a system of three bricks 
and the admissible overhang of the middle brick 
in Fig. 5.1.14. The desired increment Az, can 


1/2 


Fig. 3.1.14 


aking into account that the centre 
two upper bricks must lie within 
the bottom brick, i.e., an ine- 
be satisfied: 


be found by t 
of mass of the 
the contour of 
quality must 


L> a: 


where хо is the centre of mass of the top two bricks 


т (Azetl/2)+m (А424-1/24- 1/2) 
2m А 


l> 
whence 

1 
Aa, = 


anni 216 EN 
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For a system of four bricks (see Fig. 5.1.15) 
we have 


г> 
m (Аяа 41/2) +m (Az, 4-10/44-1/2) 4- m (Az 41/44/2442) 
SS a не 


and 
1 


А yp. 


In a similar fashion we obtain 


Es ; 1 1 
А; Ат, збег, Ата. 


The admissible 
brick is the sum 
Az, + Az, - Az, ... T Az 

2 | 1 1 
=g (itat). 

It is known that 
is divergent, i.e. th 


total overhang of the upper 


the sequence in the brackets” 
e sum of the sequence grows 


Fig. 5.1.15 


without limit as more terms are added. This 
means that as the number of bricks tends to 


4) It is called a harmonic sequence. 
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infinity the upper brick may overhang the lower 
as far as is desired. 

1.31. Both statements are valid if we assume 
the third term in each formula to be constant. 

Consider two points on à rotating disk at аШег- 
ent distances from the axis of rotation. Then, 
for the same angular velocity @, а point farther 
from the axis will be imparted a greater centri- 
petal acceleration. This can be easily demonstrated 
experimentally by putting two objects on a re- 
cord player: it is not difficult to select two posi- 
tions, such that the object farther from the centre 
falls over, while the nearer remains standing. 

By contrast, for the same linear velocity v 
two rotating points will have centripetal accel- 
erations that are inversely proportional to their 
rotation radii. For example, the acceleration of 
the points at the periphery of two pulleys of 
different diameters linked by a belt transmission 
or two gear wheels with different numbers of 
teeth will be different. 

Analogously, there are two formulas for cal- 


culating the power consumed in an electrical 


subcircuit: н, 
p—npR and Р= п: 

If the currents are identical (this is the case 
for loads connected in series), the power dissipat- 
ed in each subcircuit will be proportional to 
their resistances. When subcircuits are connect- 
ed in parallel (е.5-, household appliances con- 
nected 10 the mains) the voltages across the ap- 
pliances will be the same, while the power con- 
sumed by each subcircuit will be inversely pro- 
portional to their resistances. 


10* m 
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1.32. Needless to Say, the engine is impossible. 
However, this is not because, as is sometimes 
stated, the sum of the centrifugal and centripetal 
forces vanishes. This is WTO. 


The direction of the motion of a liquid not 
only changes along the arc ACB, it also changes 
near points A and B. We can assume that near 
these points the liquid moves along arcs of very 
small radius. Therefore the 


acting onto the tube walls exist at A and B as 
well. Their dire 


box, in which 
with balls at the 
alls described arcs 


two inverted elastic pendulums 
upper ends oscillate, These b 
and the centrifugal force of the balls should lift 
the cabin and carry it into the heavens." (К. Е. Tsi- 
olkovsky, My Life). However, Tsiolkovsky soon 
realized that “the machine wil] only swing. Its 
weight will not decrease one bit”. In the same 
fashion the weight of an oscillating pendulum 
suspended from a rectangular support will not 
decrease. 

The simplest way of proving the impractica- 
bility of all such engines is to show the impos- 
sibility of setting a closed system in motion only 
using internal forces. 

1.33. There is no contradiction, neither is the 
case when a walking man, after stumbling, falls 
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forward, even though his feet have been subjected 
lo a braking force in the opposite direction to 
his motion. 

In both cases the explanation comes from the 
first law of mechanics, i.e. the law of inertia. 

1.34. Usually the error in the "deduction" is 
thought to be the substitution of an arc by a 
chord. For small deflection angles the substitu- 
tion is in fact rightful and admissible. The error 
lies in that when calculating the time of motion 
of the pendulum along chord АВ (see Fig. 1.13), 
we assumed the acceleration in the direction of 
motion was constant and that а = g cos qc, 
where « is the angle corresponding to the maxi- 
mum deviation of the pendulum from its equi- 


librium position. 
Actually the pen 
direction of the traje 


dulum's acceleration in the 
ctory is a variable reaching 
a maximum when farthest from its equilibrium 
position and vanishing when the pendulum pas- 
ses through the equilibrium position. In other 
words, the error is the unlawful use of formulas 
for uniform motion, while in harmonic oscilla- 


tory motion, velocity; time, distance and acce- 
leration are related in a much more complicated 
fashion. 


1.35. The equation 
то? sin @ = т |g | tana 
can be rewritten as 
тоЧ cos æ sin & = m |g | зіп о. 


the ball’s mass is nonzero, both sides 


Since 
quation can be divided by m: 


of the e 
0021 cos a-sin @& = |g |-sin a. 
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However, you cannot infer that the sine of the 
angle sought for must remain nonzero. In other 
words, by eliminating sin © we eliminate a pos- 
sible solution (viz., a = 0), which corresponds 
to a vertical thread. Meanwhile, it can be easily 
shown that at low angular velocities this. posi- 
tion is indeed possible. 

Suppose the thread with the ball was pushed 
by chance through a small angle æ from vertical. 
Then in the reference frame related to the disk 
there will be an extra force, acting on the ball, 
other than gravity, P — mg, namely, the cen- 
trifugal force of inertia, viz. | Fi, | — mo?R — 
mo?l-sin о. The thread will return to the initial 
position provided the moment of the force of 
gravity about A (see Fig. 1.14), which tends to 
move the ball towards the vertical, exceeds the 
moment of the centrifugal force relative to the 


same axis, which tends to move the ball away 
from the vertical, i.e. 


|P | R >|Fn |lcosa 
or 


m |g |lsin a > то? lsin о 1 cos а. 


By dividing both sides of the inequality by 
т, l, and зто (the latter is admissible since 
we have assumed that the angle œ, though small, 
is nonzero),.and transforming the resultant in- 
equality we obtain: 


ее 
"mz ri 


rev 
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Since the angle a is small its cosine can be ap- 
proximated to unity and then we get 


exy ege 
But if the angular velocity of the machine is 


such that о >И, then the vertical position 
of the thread is unstable, i.e. a deviation due 
to a random cause will grow up to a certain angle 
a that can be found by the method described in 
the problem, since now sin æ will be nonzero and 
dividing both sides of the equation by it is ad- 
missible. 
Eventually, 
depending on the angu 


Ay gu Dos = р wt 
гес 18, 


the problem has two solutions 
lar velocity 


(2) о = arccos 18 


To summarize, it is of interest to note that for 


mA 
the period of the cone pendulum 


1 
rif qu 


coincides with that of a mathematical pendulum 
of the same length. 

This means that when the disk rotates slowly 
random displacements of the thread away from 
the vertical will induce harmonic oscillations 
of the pall in the vertical plane, while when the 
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disk rotates rapidly oscillations are transformed 
into the rotation of the ball in a horizontal circle. 

1.36. Often, when discussing waves, we imply 
the propagation of elastic oscillations which in 
liquids at low frequencies can indeed only be 
longitudinal. However, oscillations are not al- 
ways due to elastic forces. In the given case the 
transversal waves on the pond surface are due 
to the force of gravity: the water pushed downward 
by the stone is then pushed upward by the weight 
of adjoining water layers. Once induced, the os- 
cillation persists until the energy imparted by 
the stone is dissipated both to overcome liquid 
friction and to set in motion larger areas of liq- 
uid surface. Transverse oscillations maintained 
by the force of gravity can thus only exist at an 
interface between liquid and gas or between two 
liquids of different density. The source for the 
waves in a liquid bordering on a gas can be cap- 
ilary forces which induce waves of a very short 
wavelength, i.e. ripples. 

It should be noted that at high frequencies 
liquids show elasticity of Shear, i.e. elastic trans- 
versal waves are thus possible. 

1.37. A sound is softer when both prongs of 
the tuning fork are aligned along a single straight 
line to the ear. This can only be explained 
by the difference in the distances travelled by 
the sound waves if they emerge from the sound 
Sources in phase or, more exactly, with a phase 
difference that is multiple of 2л. In fact the prongs 
oscillate out of phase: when one prong is trans- 
mitting a compression wave, the other is sending 
a rarefaction wave. As a result, when the prongs 
are aligned with ear, the sound waves are already 
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out of phase. Therefore, as the fork is brought 
close to ear, the waves dampen one another and 
we discern a fall in the sound. The few centime- 
tres that separate the prongs are insignificant, 
since the path difference produced is substan- 
tially smaller than a wavelength. 

When the prongs are in а plane parallel to ear, 
we hear a louder sound, since the prongs act as 
a single acoustic source: when the prongs move 
together air is pushed out of the space between 
them and a compression wave comes to ear. When 
the prongs move apart a rarefaction wave begins. 
The alternating compressions and rarefactions 
are perceived as sound: у 

1.38. The sound produced by a tuning fork is 
gradually weakening, as the energy of its oscilla- 
tions is released into the environment. The energy 
is dissipated faster if the tuning fork is fastened 
to a resonator or is simply in contact with a 
table, since the energy is released both from the 
tuning fork itself and from the surface of the 
resonator or the table. To summarize, though in 
the latter case the sound is louder it lasts for 


a shorter period, while the energy released will 
in both cases. 


be the same in 005^ © UE 
1.39. The impossibility of realizing perpetual 


motion machine i$ due to the law of the conser- 
vation of energy. This sophism intentionally 
avoids the fact that the force due to pressure 
like pressure itself, is normal to the surface. 
Therefore along any direction in which motion 
is feasible, i.e. horizontally, only the horizontal 
component and not the whole force of pressure 


acts. 
Let the left-hand wall area be S and the ay- 
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erage pressure acting on the wall be p. Then e 
modulus of the pressure force on the left wall ca 
© expressed аз 


|I Fi | = ps. 


m Fig. 1.15, the area of the 
/sin & more than that of the 


' Since it is by this ratio that the 
lengths of the walls int 1 
It is for this re 


5 
mer 
However, as has been Sta 
I $ ted above, only the 
horizontal force component F; acts slong the 
direction of feasible Motion whose modulus is 


LE [= E [sing = рб. 


Thus, the forces acting from right to left and 
Vice versa are equal. 

This can be proved graphically without recourse 
to trigonometry. For example, the similarity of 
triangles can be employed (let the reader do the 
required construction independently). It is even 
simpler to take the angle c; — 309m Order to sb 
then the relationship between the triangle’s leg 
and hypotenuse. 

1.40. It turns out that the only thing to blame 
is... Archimedes’ law. This States that a body 
immersed in a liquid and in equilibrium dis- 
places its own mass of liquid. 
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Using this principle, let us consider the con- 
struction of a comfortable submarine. According 
to Jules Verne, the Nautilus had a volume of 
1500 таз, i.e. she displaced approximately 1500 
tonnes (t) of water (approximately, since the 
density of sea water is somewhat higher than 
that of fresh water). Consequently, the ship’s 
mass must be 1500 t as well, of which 150 t 
(and 150 m3) is due to water ballast. Thus, the 
remaining volume of 1350 m must accommo date 
1350 t which must include the ship’s body, ma- 
chinery, instrumentation, crew, furniture, air 
for breathing, and food. 

If everything is manufactured of metal, there 
is no special problem, since 1350 t of iron take 
as little a volume as 115 m? leaving lots of spare 
room. But machines and equipment are far from 
monolithic. Consider, for example, the 40D 
engine manufactured in the USSR. It has a mass 
of 10 t and requires 14 m? of space. Thus, in 
order to "sink" it needs extra force equivalent 
to the weight of about four tonnes! The situation 
looks somewhat better with lead-acid batteries 
which have а mass of about three tonnes. These 
batteries not only do not need any extra loading, 
they even compensate ior the underweight of 
other objects. But you cannot fill a whole sub- 
marine with accumulators or even simply lead! 
We'd simply Jack space for anything else! 

This is why in order to balance weight and buo- 
yancy the designers of submarines have to cut 
the volume of submarine rooms to a minimum: 
the cabins are very small, office space cramped, 
and compartments constrained at most. | 

4.41. A buoyancy force appears whenever we 


р X 
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immerse hody ша liquid, even in the water-in- 
Water case, i.e. ап imaginary volume of liqui 
p acted upon by two mutually balanced forces 

owever, it must be kept in mind that, accord- 
law, forces always арреаг 


А quid", ie, Из own weight. 
This latter en d downwards. Thus; 
ater in water weighs nothing”, never- 


Fig. 5.1.16 


Fs on the side walls of a cylindrica) 

out, whereas the forces on the sides of Y ieri 
vessel have a resultant Q directed eit 
down depending on vessel’ 
S.1.16). 
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If the vector sums В, + © and В, + Q (see 
the statement of the problem) are calculated and 
compared, these will be, as might be expected, 
the same. 

1.43. The lift force Fg of a certain gas volume 
У; is equal to the difference between the weight 

а of air displaced by the gas and the gas’s own 
Weight P,: 


F; = P, — P,. 
Since the modulus of a gas's weight can be 
expressed 


IP|=D, |8 | У» 


where D is the gas’s dens 
ation due to gravity, we © 


[Fy | =a —De) 1817: 

For helium 

| Fue | = (Da — Оне) 18 ee 

e same volume of hydrogen 


ity and g is the acceler- 
an write 


Analogously, for th 
| Ен, | = (D, — Dm) Ig lV. 


Let us consider the ratio of the lift forces 


fus] ODES DBR, 
IET р, Die (4) 


By substituting in the densities, we get 


(1.29—0.178) kg/m? 5 
; AM = 
Dr ruel = (7.290.089) kg/m? e 0:92. 
Ha 
Thus; the lift force remains practically un- 
changee- 


p" Ч 
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For an arbitrary gas Eq. (1) can be rewritten aS 


Ен. | Da 1Ен | 
Fg) — ЕН! Ра _ " 
| Fel Di dem D. Bl. 


mulated in another way: 
why during hurricanes are roofs not crushed by 


5) Vacuum has zero density. It is of interest that as 
early as 1670 the Italian priest Francesco Lana (1631- 
1687) proposed employing thin-walled evacuated spheres 
for lifting in air. 
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1.45. Braking against banks, the bottom, and 
the air adjoining t 
water in a river moves 
the river, just under i 
distribution in depth is ap 
in Fig. 5.1.17. 


he surface results in that 
fastest in the middle of 
ts surface. The velocity 
proximately as shown 


Fig. 5.1.17 


oading on the raft increases, 
so does its draught, and thus the bottom of the 
raft is submerged down into faster layers and so 


the raft starts to move faster. 
By the by, this was one of the reasons for the 


accident which nearly killed Henry Watzinger, 
a crew member on the Kon-Tiki9. 


"Therefore, as the 1 


Ch. 2. Heat and Molecular Physics 


2.4. The compressibility of liquids is negligible: 
for water the decrease JD volume amounts to 
about 0.00005 of the initial value per atmosphere 


of pressure applied. 


6) Т. Heyerdahl, Kon-Tiki, Across the Pacific by Raft 
р’ Ч у 
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Note, by the Way, that water is X ie net 
compressed by its own weight. Were it relieve 
from compression forces, the water level in the 


oceans would rise up by 35 m and a vast area 
(about 5,000,000 km?) of th 


the Earth would be submerged. 

2.2. High above the Earth’s atmosphere the 
air is very rarefied and 
per unit volume 15 small, 
each molecule Possesses a 
energy, the number of Partic 
transfer much energy in collisi 


ihe satellite's surface against the 
Moreover, the notion of tem 
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molecules have velocities corresponding to tem- 
Peratures of several thousands of degrees Centi- 
grade". 

2.3. Let us pour off half the cold water into 
vessel D and insert it into the vessel filled with 
hot water. It can be easily estimated that in the 
absence of thermal losses the temperature in 
vessels A and D will settle at 60°C. Then let us 
pour the warmed up water from vessel D into 
the empty vessel С and repeat the procedure 
with the remaining cold water. When put in 
contact using vessels A and D, the water tem- 
perature in both will settle at about 47°. If 
we now pour the water from D into C, the tem- 
Perature of the mixture in the latter will be 
about 53°C. Thus the problem is solved, since the 
cold water has been heated to 53°C by cooling 
the hot water to 47°C, without mixing the water. 

If the water is not divided into two each time 
but into a larger number of portions, the differ- 
ence in the final temperatures would be even 

at the limit of infinitesimal рог- 


more sizeable; x 
tions of water the final temperatures in A and C 


will be: 
zu a TT 
тат 1078, о 


where T, and T, are the initial temperatures of 
the hot and cold water, respectively, and e is 
the base of natural logarithm. 

Т is possible to construct a setup in which the 
temperatures are practically exchanged. This 
is done in industrial heat exchangers, where th, 
hot and cold counterflows are passed throu h 
coaxial tubes. In long tubes the imperato e 


11—01216 
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exchange is Practically complete, as is shown 
in Fig. 5.2.1. If the two flows were passed in the 
same direction, the temperatures would at best 
only equalize. 

We want to stress that no violation of the 
Second law of thermodynamics (see Problems 
2.25-2.27) occurs here since at every stage the 
temperature of the flow of liquid, to which heat 
is transferred, is lower than that of the flow do- 
nating the heat. This effect can be clearly seen 


== A 


material is not too small, the losses m 
increase. 

2.5. To measure temperature any scale can be 
used. The laws of physics do not change from 
one scale to another, so the calculation of the 
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amount of heat needed to heat the body can be 
made using either formula. However, the numeri- 
cal values of the quantities whose definition 
Contains the notion of temperature will be quite 
different. For example, the numerical value of 
the heat capacity of water in the Celsius scale 
will be 1.25 times larger than that in the Réaumur 
Scale, i.e. it will change from 4.19 kJ/(kg-^C) to 
5.23 kj/(kg.^R). However, since according to 

éaumur's scale water boils at 80°R, the heat 
needed to heat 0.1 kg of water from the melting 
point of ice to the boiling point of water will 
be the same and equal to 41.9 kJ. 

2.6. This sophism only contains a seeming 
contradiction since in both cases the work done 
against external forces must come from some 
energy source. In the first case the energy is 
delivered to the system from without, i.e. from 
a heater, and in the second case the work is 
produced due to a loss of the internal energy of 
the body. 

The internal energy depends on the velocities 
and arrangement of the molecules which corre- 
spond to the molecular kinetic and molecular 
potential components of internal energy. The 
solidification of а liquid is accompanied by a 
substantial change 1n the pattern of motion and 
arrangement of the molecules, while their veloc- 
ities remain practically unchanged. The mole- 
cules in the crystal lattice of a solid are strictly 
ordered to match to a minimum molecular poten- 
tial component. The excess energy is dissipated 
This is called the heat of solidification (or melt- 
ing). It is this heat that breaks a hermetically 


sealed iron shell when water inside it is frozen 


ppt 
p 
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Let us consider another example. When pic 
from a boiler is supplied into the cylinder a : 
steam engine, the work done to displace ee 
piston is performed due to the energy fed wit 
the steam. However, when the cylinder is iso- 
lated from the boiler, the steam displaces the 
Piston due to a loss of its internal energy, namely, 
its molecular kinetic component. The steam 2 
thus cooled. This mode of operation was firs 
employed in 1776 by James Watt (1736-1819) 
and enables using the steam’s energy more effec- 
tively. 

2.7. Since the forces of interaction between 
air molecules are practically vanishing, the 


energy of compressed gas is the kinetic energy 
of its molecules, Th 


trouble: energy cannot disappear, it is only 
transformed from one kind to another, In fact, 
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precise measurements would demonstrate that 
p results in a higher 


dissolving the bent stri 
temperature of the acid than dissolving the un- 
bent strip. Though, the temperature elevation 
is so small that it cannot be detected by simple 
means and a conventional thermometer would 


be inadequate. 

Note though that an unbent strip dissolves 
more quickly. PR. 

2.9. Work is a process resulting in an energy 
transfer from one body to another. The amount 
of energy transferred can be defined as force 
multiplied by distance (if their directions сот- 
cide, otherwise а third multiplier, 1.e. the cosine 
of the angle between the directions of the dis- 
placement and the force, is required). 

ot the only method of 


Work is a possible yet п Я 
energy transfer. In everyday life we no less 


often encounter а second method of energy trans- 


fer between bodies, that of heat transfer. 
immobile even though its 


A rocket “hovers” in у t 
engines are running. Since there is no displace- 
ment, there is DO work. This does not at all 
mean that the ener£y of burnt fuel disappears, 
the gases ejected from the rocket nozzles are 
at high temperature and take away the energy 
previously contained in the fuel tanks. 

2.10. Аз was indicated in the solution of the 
previous problem, there are only two radically 

forms of energy exchange, viz. work 
ed transfer of energy from one body 


(the ordered | 
і.е. energy transfer at the macro- 


to ano ther, 


i.e. ene - t 
Notwithstanding their qualitative difference 
Y 1 


p <= 
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these processes can lead to the same result. Here 


lies “the equivalence between heat and work”. 
Let us consider a Specific example. 


with the piston fixed in one position. This is 
called an isochoric Process. Under isochoric 


AQ = mey AT = 1 kg x 0.73 kI/(kg-K)-4 К 
= 0.73 kJ, 


heat supplied, i.e. 0.73 kJ 
the air’s internal energy, 
temperature rise of 4 K 

However, the same temperature rise and the 
same increase in the internal energy can be 
reached by another method, namely, þy supply- 
ing energy not via heat transfer, but via gas 
compression. 


at exchange 
iabatic. For 


must be con- 
tained in a non-heat-conducting shell. A good 


approximation to this ideal is a system in which 
the gas is contained inside a glass vessel with 
double silvered walls and a vacuum in the space 
between the walls (a Dewar flask). 
Very fast processes are also practically adia- 
þatic, For example, when the gas is rapidly com- 
p 
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pressed heat exchange with the surroundings is 
e in the gas internal 


impossible and the increas 
energy will be equal to the work done to compress 
it. This increase is accompanied by a rise in 
temperature cyclists know from pumping up 
tyres. 

It is known from 
adiabatic process gas's volume 
are related 


Tiy} t = ТУ", 
where T is the gas tempe 


is a constant (t veen, 
isochoric heat capacities), which is 1.4 for air. 
By assuming the initial volume occupied by 
1 kg of air is { m? and the initial temperature is 


273 K, we get the volume to which th 
be adiabatically compressed to rise its temper- 


ature to 274 К, ie» 
ya f Та. #4 ра ER 
у, y oim У тик —0.99 m?. 


To sum up, it is worth noting that the equival- 
ence between heat transfer and work (heating 
bodies without supplying heat to them) was 
unconsciously used even in ancient times when 
they produced fire by friction. It was only in 
4195 that Sir Humphrey Davy (1778-1829) and 
Benjamin Thompson (Count Rumford) (1753- 

ore detail in 1798 embarked on exper- 


thermodynamics that in an 
and temperature 


of which was ful 
о ов Mayer (1814-4878), Ludwig Colding (1815- 


1888), James Joule (1818-1889 d 
Helmholtz (1821-1894). ) and Hermann 


р < 


168 ‚ Physical Paradoxes and Sophisms 


2.11. When using а soldering iron it is not 
the internal energy of the iron that is important 
(especially, if the soldering iron is electric), but 
rather the rate at which it is released. Since the 
heat conductivity of Copper is six times that of 


2.12. Even if we take a substance with a high 
coefficient of thermal expansion, the value of 
—1/% is much less than —273°C, i.e. absolute 
zero. Thus, for lead а = 3 x 10-5 °С-{ and 


For example, when lifting а balance weight 
of 1 kg at a height of 1 m, we perform work 4 — 
mgH =1 kg x 9.8 m/s? x 4 m — 9.8 J only 
when the force applied to the weight is 9.8 N. 
The energy expended is then transformed to the 


Yet it is possible, when lifting a balance weight, 
to apply a force exceeding 9.8 N. In this case 


P а= 
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ult in an accelerated 


the excess force will res 
n the weight’s kinetic 


оар and іп an increase i 
SACER: The sum of the potential and kinetic 
nergies at the height of 1 m will be equal to the 
Work performed by the man’s arm during this 
displacement. 

The problem also deals with the force perform- 


ing work, that of atmospheric pressure, the force 
against which work is performed, that of gravity 
in the tube. 


on the mercury column 1m 
The work of the first force is the same for 
both tubes and can be calculated from the formula 


Aat = Dav Vs 
where pat is the atmospheric pressure and V is 
the вещи volume of each tube, the bulge in- 
cluded. , 
As to the second force, the work it performs 
lated from the same 


can in principle be calcula ron 
in practice this is not easy, 


formula. However: л 
since the pressure in the mercury column is con- 
stantly changing aS the tube is filled. Immediately 
after the taps are opened the pressure 1$ zero, 
as there is по mercury in the tubes. Then the 
pressure forces grow as the column rises. The 
growth is slower in the right-hand tube, where 
the bulge is lower, and until it is filled with 
mercury the pressure only changes slightly. 
Therefore the mean pressure turns out to be 
higher in the left-hand tube, since here the mer- 
cury column rises fast. Hence, the work done 
essure forces will be larger. 


against рг 
Thus, the work done by the atmospheric pres- 
sure forces is the same m both cases, yet it is 


performed not only to increase the potential 


y uq 
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heating accompanies the friction of mercury 
against tube walls. 


ube exceed the cohesive 
ules of the liquid. Tora 
liquid is performe 


оп (larger specific 
surface energy) than does water. 


the surface occupied by the sugar Solution tends 
to shrink and carries with it the matches to the 
lump of sugar. 


When soap is dissolved the wate 
creases (by the way, this is the cause of the 
washing action of water), the surface occupied 
by the soap solution extends and the matches 


T tension de- 


— 
p" 
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llow the interface with pure water retreating 
o the rim of the plate. 

2.16. The answer will be assisted by an un- 
Sophisticated experiment. Take some steel or 
copper wire 1-2 mm in diameter and heat it in 
a flame. When it has cooled slowly the wire is 


flexible, it can be easily bent into circles. How- 
de to side a few times, 


and more rigid. 
is called cold-work 


compensation о 
lattice. The theory is rather invo 
be presented here in a rig 

Drawing results ша 
hardens the wire passin z 
ing eye). With repeated drawin 
every time with annealing 0 


tate the process. PE 
2.17. The error in the solution in the text is 
ion that after the addition 


the wrong assumption © ; 
of boiling water all the ice will melt. Actually, 
there is too little hot water and some ice will 


survive, while the temperature will not rise 
above 0°С. Therefore, to draw up the heat balance 
equation we must account for the amount of heat 
supplied by the boiling water 

1 kg x 4.19 kJ/(kg x °C) x 100°C 


and that expended in melting the ice 


m x 335 kJ/kg, 


where т is the mass of melted ice. 


7) Anyone interested in it should 
the theory of solids, СООО, 
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, The jar does not enter the heat balance, Since 
its temperature is left unchanged. By equating 
the above expressions, we find m — 1.25 kg- . 

Hence, the jar will contain 2.25 kg of pes 
and 0.05 kg of ice and their mixture will hav 
а temperature of 0°С. " 

To sum up, the heat balance equation, when 
а Substance goes over from one state of aggrega 
tion into another (for example, from solid 1 
liquid or from liquid to gas) has to be careful y 
compiled with due account for the possibility 
of an incomplete transition 8), а 

:18. At any temperature а liquid contains 

both fast and slow molecules. Evaporation рге 
ceeds due to the escape from the liquid of fas 
molecules which Possess energies sufficient T 
Overcome the forces of cohesion with the remain- 
ing liquid. After the escape of the fast molecules, 
the average velocity of the remaining ones de- 
creases, The same holds for the average liqui 
temperature governed by the average velocity 
of the molecules. Following this, the temperatures 
cease to be equal and heat exchange becomes 
feasible, 

2.19. Without being embarrassed (one of the 
examiners was the young but already well-known 
“nrico Fermi) the student nevertheless under- 
stood the question and answered correctly: “When 
food is fried, it is not the oil that boils but the 
water in food.” 

In fact the temperature of the food will not 
rise above 100°C until all the water boils away. 

8) Generally, here we should speak not of the transi- 


tion from one state of aggregation into another, but the 
phase transition of the first kind, 
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Ls is why water can be boiled in a paper 
g. 
2.20. As the pressure is lowered, the water 
boils at a lower temperature. Therefore in moun- 
tains, where the atmospheric pressure is lower 
than at sea level, water can boil at 80°С or lower, 
Since the drop in the boiling point of water 
amounts to 3°С per kilometer of altitude above 
sea level. This phenomenon is well known to 
mountaineers who use it sometimes to check 
the height they have reached. 
. However, it is not the fact of the water boiling 
itself that is important but the effect of the 
boiling water. Who needs “boiling water” with 
a temperature of, say, 60°С? It cannot soften 
meat or fish, nor sterilize medical equipment, 
nor even satisfy a tea lover. 
А.С. Dralkin, the leader of the Fourth Soviet 


Antarctic expedition, reported that during their 
lar vehicles from Mirny to 


journey by caterpi 
the South mule and farther to the Vostok station, 
d to ascend to above 3500 m. 


they were force A ! ) 1 
At these altitudes it was impractical to boil 
food because the atmospheric pressure was too 


low and water boiled at between 55 and 60°С. 
It could take аз much as 6 or 7 hours to cook 
meat. Later they installed pressure cookers in the 
vehicles’ galleys: 9 , 
2.21. Here as 1n. the previous problem, we need 

t the boiling point of water is pressure- 

t. For instance, at 40 atm the boiling 


me А 

») Bear in mind that atmospheric pressure i 
Antarctic 15 аву case lower than elsewhere. Such me 
gions are called in meteorology atmospheric depressions, 
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Point is 249.3°С. At the same time the d 
point of tin at this pressure is practically 2. à 
і.е. the temperature tin melts under ине" 
atmospheric pressure, Thus, at 40 atm wa 
can indeed melt tin. nn 
A lump of ice can burn. Gustav таш 
(1861-1938) and Percy Williams Bridgman (18 a 
1961) demonstrated in a series of р 
that the structure of ice is changed at elevate 


atm ice VI remains solid even at 75°C. At even 
higher pressures ice VI can exist at even higher 
temperatures, and this ice would be able to 
burn Somebody's hang. 

2.22. The inventor’s calculations were wrong; 
since a 100% Saving in fuel would mean a per- 
petual motion machine would be possible. 

The use of all three improvements together 
does ensure more Savings than when each inven- 


tion is used Separately but they still will be less 
than 100%. 


h. The second 
but now the 


putting into Practice 
the two inventions the fuel rate will be 52.5 kg/h. 


Finally, the third invention saves a further 
45% and lowers the consumption to 28.9 kg/h. 
The final value is independent of the sequence of 
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calculations. In each case the saving will total 

to about 71.1%. 

on The paradox is res 
thermodynamics. This © 

amount of heat transferred 

the increase in its internal ene 

performed by the system again 


Q — AU 4- A. 


olved by the first law 
an be stated as: the 

to a system equals 
rgy plus the work 
st external forces: 


Since the initial and final temperatures of both 
in their internal 


balls are equal, the changes 
energies are the same. However, thermal expan- 
of gravity of the first ball 


Sion raises the centre 
and lowers that of the second ball. Thus, to heat 
l energy (heat) for 


the first ball needs addition өп: f 
t gravity (i.e. to increase 


the positive work agains 
the "ана NN of the ball). The centre of 
gravity of the second ball falls and the work 
against gravity is negative. To sum "P, edi s 
same rine ine tempereture we have Qı > Qs. 
Hence, the heat capacit ofmatterismoy -ay Con 
stant. Depending 0n the heating conditions it 
may Lké«oh different values from —oo to 0! 
However, for solids we need generally know only 
net capacity, namely, that under а соп- 
stant pressure which is cited in handbooks of 
nstants. For gases we often need the 
hoat capacity at a constant volume, too (the 
these two heat capacities appears, 


ratio between | 
Je, in the equation for expansion in 


for examP ‹ 
an adiabatic process (see the solution of Prob- 
lem 2-10). 

This first person to draw attention to the fact 


that both solids and gases possess different heat 


p" а 
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capacities was the French physicist Jean Baptiste 

Biot (1774-1862). tro- 
2.24. On this problem the German as in 

physicist Robert Emden (1862-1940) wrote 


e 
1938 to Nature: An amateur would answer th 
question wh 


= 0- 
Warm the rooms; someone who is good at therm 


dynamics would Say: to supply missing er 
Such being the case, the layman will be rig 
rather than the Scientist! , 


In fact we demonstrated that the increase 1D 
the internal energy of t] 


y 
S equal to the energ 
ss falls. Thus all the 


it escapes through the cr. 
might say, we heat the environment rather than 


2.25. Together with the law of energy conser- 


10) Cited from A. Sommerfeld Thermodynamik und 
Statistik, Wiesbaden: Dieterich, 195; 
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маны there is another thermodynamic law. It 
pa aae as follows: nature is so arranged that 
eem geat engine has both a “heater”, and a “cool- 
a . For example, in a steam engine the heater 

the furnace and the cooler is the atmosphere. 
_The ocean can indeed be considered to be a 
giant heater but for it to be the heat source for 
an engine there must be an equivalently large 
Cooler but this we cannot provide. 

Heat engines of any kind need a temperature 
difference to operate. This is required by the 
second law of thermodynamics. 
. This law is of prime importance in maintain- 
ing life. To illustrate it, Emden wrote: “in the 
giant factory of Nature the principle of entropy 
(the second law of thermodynamics) is like the 
Manager who determines how and which tran- 
sitions can be handled. The law of energy conser- 
vation is like the accountant who puts into balance 
debit and credit." б 

The construction of а machine using the heat 
of the ocean does not contradict the first principle 
of thermodynamics, but it contradicts the second 
one. Note that machines which are based on the 
temperature difference between surface and the 
depths of the ocean are quite realizable, but 
their efficiency: which is calculated by 
Tı— Та 

T; 
(see the next problem) turns out to be rather 
low, the smaller the difference between the tem- 
peratures of the heater and cooler the lower the 


БВ 222 
ш) 14. 
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efficiency. If the temperature at the depth is ae 
and the temperature at the surface is 27°C, then 
the efficiency is 8.3%. The temperatu” 


difference could easily be utilized in a bM 
Moelectric cell. Possibly in the future, jiu) 


their cheaper production is found, the power! 
вай thermoelectric stations might contri 
ule to the energy balance of our planet. 

2.26. The ratio 


T—7, 
1 


is the fraction of burnt fuel energy convertible 
Into work by a heat engine when there are 00 
losses of useful energy (it is the efficiency of ай 
ideal heat engine). The ratio indeed increases 
in winter. However, during winter the oil in 
the motor, gear-box, the differential, and bear- 
ings becomes so thick that even if the winter 
oils which have lower viscosity are used, the 
friction losses are larger and the overall efficiency 
of the car is lower than it is in summer. Besides, 
in winter we spend petrol to warm: up a cold 
engine when starting it. This is why the petrol 
consumption in winter is larger than it is in 
summer, 

2.27. Maxwell’s paradox has only been solved 
recently. We tacitly assumed that the device 
for sorting molecules by velocity could operate 
either without spending energy or by only con- 
Suming it in small amounts. In fact, a demon 
needs energy to operate. In particular, the demon 
must “see” the molecules, i.e. they must bo illu- 
minated, which needs an energy. 
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Exact calculations by the French physicist 


Louis Marcel Brillouin (1854-1948) demonstrated 
losses, say, due 


Operate once more. Thus, at best the demon could 


only make itself go while to use the whole device 


às ап engine is out of question. 


Ch. 3, Electricity and Magnetism 


3.1. Coulomb's law describes the interaction of 
pointlike charges. This means that in practice 
the dimensions of the charged bodies must be 
much smaller than the distances between them. 
If the charged bodies are not too far from each 

measure their sepa- 


Other, it is unclear how to 
calculate the force of close 


ration. In order to e A 

bodies they must be divided into very small 

(“pointlike”) parts and the resultant d all the 

forces acting upon all the points of the irst body 
poe f the second body must be found. 


by all the points 0 А 
This resultant ensures that an electric force 
applied to the first body is dependent on its 


shape and charge distribution over the surface. 
Thus, calculating the forces of interaction is a 
complicated problem which can sometimes (but 
not always) be solved by integral calculus. 
Capacitor plates are not pointlike bodies and 
the force of interaction between them cannot be 


calculated from the formula 


where В is the distance between the plates. 


12* 


p 
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field 
It is also necessary to note that the itin 
between the plates of а parallel-plate diee fro 
is not, actually, uniform and the deviatio 


uniformity are larger the farther apart 
Capacitor plates, Th 


the 
en the plates are far apart ike 
charges on them can pe taken to be yen unt 
and the force of interaction can be calcu 
according to Coulomh’s law. ctly 
To conclude, note that Coulomb’s law COE aa 
describes the force of interaction between dis- 
Spheres Which have the charge uniformly se 
tributed over their Surfaces, or balls a 
charge is uniformly distributed over their hes 
е parameter in the Coulomb equation he 
then the distance between the centres of t 
Spheres or balls, 


"4. FOr a current to be i 


С е 
must be closed and there must exist ee 
the current Carriers, i.e, electron 


rged Particles, in ordered motion. 
9 most frequent Cause is 


5 the presence of а 
Potential difference between two points in the 
circuit!2, 


The absence of any current in Subcircuit AJB 
Suggests that the Potentials of A and B are 
equal. The situation is not 


changed by connect- 
ing the points to conductor A2B, as no current 
will flow for the same reason, 


ВАНИЕ 


forces can cause the Charges to move. This 
MA d ue in more detail in the Solution of prob- 
lem 3.17. 


ВРЕТ" 
П ап electric circuit 
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‚Тре second case is different. There is a potential 
difference between C and D equal to the electro- 
Motive force of each cell, since two cells con- 
nected in parallel can be considered to be one 
cell with electrodes double in area. However, 
until a conductor C3D is connected to the cell 
electrodes, the circuit is open and therefore 
no current can flow between С and D. We might 
say that without the conductor СЗ) there is 
only the internal circuit section, i.e. the battery; 
while the external section is missin 

3.3. This sophism is mathematical 
Physical. 


с. 
rather than 


I, = 1, + І,. 
Therefore 
Bo m 


but it i -known cancelling by zero is pro- 
m ae o algebra involved in a physical 
problem we cannot therefore ignore mathematical 
NT The accumulator battery is marked with 
Pgh current permissible under stan- 
dard operational conditions. By overloading it 
much higher currents can be obtained; however 
overloading damages the cell plates and the 
у be put out of operation. Convention- 
al lead cells are especially sensitive to overload- 


without damaging the electrode plates. Alkaline 
cells are less susceptible to overloading since 
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7 ich 

they have a substantial internal resistance whi 

effectively limits the current. eter 
3.5. The current through the galvanom 


te 
can be calculated from Ohm's law for а comple 
circuit: 


E 
NC 


Where Е is the electromotive force of the thermo- 


; 
: Е s 
couple, r its resistance, and R the galvanometer 
resistance. 


After connectin 


g a shunt with resistance А, 
the current thro 


ugh the galvanometer will be 


circuit be R, the electromotive forces of the 
cells be E, and £,, while their internal resis- 
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t Н 
Fey aE and r,, respectively. Since the current 
the first case is higher than in the second, i.e. 


un Е-Е 
> $ 2 
Rtn > Пи › 
the situation described can really take place if 
Е > Е, ARETE 
Ta 
3.7. The current running through the lamp 


during the measurement of its resistance is too 
y the temperature of 


low to change appreciabl 

its filament and we can assume that the resis- 

tance of the cold filament is being measured. 
The resistance obtained by calculation, the 


power in the formula corresponds to а current 
hite hot. Yet the 


Which heats the filament v 
filament's resistance rises with temperature ac- 


cording to the law 
В, = Ry (1 + 9): 


By putting into this expression the resistances 
of the cold and hot filaments as well as the 
fficient of resistance for tung- 


temperature coe 
aL az 0.0046°С-2, we сап find the temper- 


ature of the heated filament, i.e. 
— 35 Ohm 
484 Obm — 35 zi А 
t= 35 Ohm х0.0046° Cc 2800 °C, 
i.e. the value very close to the true one. 

The chan ет temperature can be judged from 
the chang? ie b ming eget resistance and this 
fact forms the asis for resistance the: 
ie. thermoresistors. rmometers, 
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Note that the electrical conductivity of semi- 
conductors is especially temperature sensitivé 
and their resistance quickly drops with an 107 
crease in temperature. Therefore, the most sen 
sitive thermistors, barretters, which can sense 


weakly dependent on tem- 
and even weaker in meta 
се of constantan compose 
and manganese does not prac- 
th temperature and this i$ 


pectively, R is its resistance 
flowing through it, and E the 
the subcircuit. To use this for 
the current J must be taken to 
Te ia 
opposite case. In turn, the amr e fh E^ 
positive if it forces positive Charges to pred 
Írom A to B, and negative, if the opposite is 
true. (In other words, the extra €.m.f. is positive 
if it "assists" the current to flow from A to point 
B, and vice versa.) d 
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In our case the extra e.m.f. must be taken 
with the “plus” sign, since the right-hand cell 
Sends current in the same direction as the left- 
hand one. Thus we have 

2E Sa 
егте Ра Е=0. 
embered that formula (1) 


It 
should be rem Ohm's law for а complete 


can be derived from 
circuit (see Fig. 5.3.1) 


ТЕ 


ae f th 
i istance о e 
where E is the e-m-f., R is the resistar 
external ер r is the internal resistance es 
the cell, and 7 the current flowing in the circuit. 


Fig. 5.3.1 


Let us rewrite the last equation as 


IR = E —Ir. Em m 
reat ion all the quantities an their 
eren ортон иче, Therefore, on the basis 
of Ohm’s law for the subcircuit BRA, the right- 
hand side of the equation has to be equated to 
difference Фв — ФА (and not 


the po tential 
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ic higher 
Фа — Pz), since the potential at B is highe 
than that at A. Thus, we have 


Qa —Qa = Я ==, 
whence 


Фа — Фв = Ir —E, 


aw applied to the ArB suboircuit 
containing the e.m.f. equal to E. Note that t d 
subcircuit involving ап e.m.f. used to be calle 


3.9. Indeed, the lar 
the efficiency of el 
reaches unity whe 
but this, of cour, 
although it can 

owever, makin 
is impracticable. True, 
load increases, but it ca 


ger the resistance, the higher 
ectric power utilization. : 

П the load resistance is infinite 
se, is unrealizable in practice, 


P=] U 


the first multiplier will tend to zero, while the 
second does not exceed a certain limit (the 
e.m.f.). It can thus be seen that the power con- 
sumed by the external Section from the source 
tends to zero. 

The load resistance must not be too low either, 
since in the above formula for Power the first 
multiplier cannot be higher than Elr (this is 
the short-circuit current, when the load resistance 
vanishes), while the voltage across the load 
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tends to zero as the load resistance infinitely 
ecreases. 

» can be shown that the maximum power is 

UAR by the external subcircuit when its 
istance is equal to that of current source. Let 

Us write the conventional expression for this 


power 
ВВ x. 
(В-- г) R, 
where notations are as before. 
merator and denomi- 


Let us multiply both the nu 
nator by 4r, then we get 


By using the identity 


4Rr = (В + т)? (Е —т)?, 


and transforming the equation we get 


Whence it can be seen that P=0at R=0 
and А = © while at В — r the power reaches 
а maximum (since both the numerator and 
denominator of the fraction in the brackets are 
positive; and the fraction as a whole is minimum 
at zero, When R= fe 

тһе proof is even simpler using a numerical 


example- 
Suppose We have a current source with an 


o.m.i. of 4 V and an internal resistance of 1 O 
Then for different load resistances we Pn 


р ЗА 
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the following values of the power consumed by 
the load: 


Load resistance, Ohm Consumed power, W 


e coii e Е АВИЛА 


$i iol 
Q3 WON Qo со Co 
ооо O to t0 оо 
to 9 < О бол -d 


nave resistances of tens an 

hundreds of kOhm. Meanwhile the loudspeaker’s 
of only 5-10 Ohm since 
Те technically difficult to 


er. A matching 


: а high-resistance pri- 
mary coiland a low-resistance Secondary coil 
should therefore be connected between the valve 
and the loudspeaker. Besides, its incorporation 
is also useful because in this case the sole AC 
component of anode current will pass through 
the me poaker, 

3.10. Both answers are Correct (cf. the so ion 
of Problem 1.17). This does not however pr 
that two different currents run through the same 
device simultaneously. It turns out t 


neously. hat two dis- 
similar electric circuits can be assembled such 
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that each satisfies the requirements given in the 
Problem. E 
Given the two currents and the resistance of 
the series resistor we can find two voltages: 
Ui. = 0.5A x 40 Ohm = 20 V and 
Utes = 2.5 A x 40 Ohm = 100 V. 
Analogously, one can obtain the two voltages 
across the device: 


Ui, OH 400 V and 


Mares DOW 00 


25А 
and so two resistances of the device: 


‚ — 420% — 200 Ohm and 
т = 0.5 À 40 Ohm 


r” — 120V___ 40 Ohm = 80 Ohm. 
2.5 A 


i data by which we 

The problem contains. no 
can atn the first solution to the second one or 
vice versa. True, if we calculate the power con- 
sumed by the series resistor, then in both cases 


we get 
p' = (0.5 A)? x 40 Ohm = 10 W and 


p^ pee ШН =, 250, W 


are it with the power of the device 

and 60 W), then the second solution is highly 

improbable: however we cannot be fully certain 
that the solution Is totally useless. 

Hence, we must believe both solutions are 


correct. If we are going to have the unique solu- 


| 


a 
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Чоп those composing problems should have added 
extra data, for example, the power consumed by 
the series resistor, 

3.11. The current intensity can be expressed 
via the amount of electricity Q passing through 
а cross section of the conductor during time t, 
namely, 


1-92 


t 


From this 
formula 


Jeep г 


relationship we can see that in the 


= 9+п+0. + g_n_v_ 


Е errors. Actuall ince 
the current in all the baths is the and then 


n-fold more substance must be deposi i e 
п baths than in опе bath. E 


does not imply that the 
deposited in the second i 
times larger than that in 
same period of time. The 
power source is the same in the new installation, 
then the current intensity must drop for two 
reasons. 
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Pe first one is only too evident. Connecting 
lo. electrolytic baths in series increases the 
Mn of the “liquid conductor”, which results 
i an increase in the resistance of the circuit, 
.е. a decrease in the current. 
a second reason is less obvious. The passage 
a current through ап electrolyte induces a 
number of physical and chemical changes at 
electrodes due to which the electrolytic bath - 
Starts to operate as а galvanic cell with e.m.f. 


Opposed to the applied e.m.f. This phenomenon 
n, was discovered 


13 called galvanic polarizatio г 
in 1802 by N.N. Gautreau (1753-1803). Antoine 
César Becquerel (1788-1878) was the first who 
described it in 1824. udied in detail in 
1842-4845 by the Russian physicist A.G. Save- 
1уеу (1820-1860) who concluded that “polariza- 
tion cells” could be made™. The total polariza- 
tion e.m.f. increases with the number of baths, 
which also decreases · 
Thus, although an inc 

baths should increase the total mass of sub- 

he electrodes, infact it will 


stance deposited on t t n 
emai hanged (in practice the total 


at best remain une н 
mass always decreases); since the mass of sub- 
ted in each bath is smaller due to 


t. 
3 attempt to discover а process 
that contradicts the law of energy conservation 
= т 

8) - Аба Becquerel was а French physicist and the 
grandfather of Antoine Henry Becquerel (1852-1908) 
who discovered natural radioactivity in 1896. 

14) This теше ор was i egrets in 1859 by the 
i tor of aci accumulator, the French sci i 
invent P 894-1889). ch scientist Gaston 
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r ones 
is doomed to failure, as all the previous 


were. of the 
When charging capacitor CZ the В eating 

electric current is partly expended for 

the cond 


iat- 
uctors (Joule heating) and partly poe 
ed into surroundings as electromagnetic W ergy 
We need only here that at C1 = C2 the R cane 
"losses", independent of the resistance о 


%. 
necting conductors, always amount to nich 
И Cl <C2, there is practically по еп 
dissipation, while 


S 
at CI C2 it reache 
100% 


3.14. On the sides 
the capacitor plates 


sense. To put it another way 
instantaneously demagnetize itself. This does 
not mean that a ball-shaped Magnet is impos- 
sible, only that unlike Poles, even though in 
unequal numbers, must be found 9n its surface. 
For example, a ball can be magnetized so that 
there will be two north poles and one south pole 
on its surface. While discussing the subject of 


magnetizing a ball (some people assume it to 
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ich is 
be impossible!), recall that the Earth whi 
а ball is a giant magnet. н 
In аа let us note p el Dd 
Physicist Paul Dirac (1902-198 уре a poe 
Maxwell’s equations which оное um d 
dynamics, in principle, permis vacticles having 
о ES (LS However attempts 
one pole, either south or north). е а e. 
over a long period of time to de yemas d ея 
poles” have failed and most con 
icists think there are попе. А : T" 
e sean and the a^ DET ae 
brought together, the potenti® tem is decreased 
permanent magnet-iron object sys 
by the amount of the work pf 


: 5 | 
т ыы ee onal from the magnet. It is 
Ir 


i ires as much work as 
do this requires а8 157. iron. 
clear Mat x by the magnet in y perm 
was perlorm magnet can be compare Le e| 
tł T, me weight: to do work the spring 
hat lifts a 


nding energy. я 
first be stretched, thus AP d to the one in 
3.17. This AS pelore, the absurd conclusion is 
Problem Ay edem application of Ohm's law. 
due to the По бўегепсе across a subcircuit is 
The u^ product of the resistance of the 
only equal d the current flowing through it 
subeircuit sabcircuit has no e.m.f. source. Such 
when s are called uniform. NE 
subcire™ case each section of the ring is non- 
in be iee the induced e.m.f. is uniformly 
under d around the perimeter of the ring. 
die ое to Ohm's law for a subcircuit 
involving an e.m.f. (a nonuniform section) we 


)1216 
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А int 
can write an equation for ARB by taking a ро 


its 
A as the origin of the subcircuit and В as 
end, i.e. 


Фа 9n — IR— Ey, 


where Е дъь is the e.m.f. induced in ARB. Е, 
If the total 9.m.f. present in the ring q^ 
then the current flowing through the ring i 
Г Е 
R+r°* 


Pa— Фв = 


Е В 
пре REF _ 


The same conclusion 


J T can be arrived at by 
applying Ohm's law to section Bra; 


Pa— Фа = Ir—E 5, д. 

The current, as before, is с 
LE 

— FF? 


while from the above consider, 
we can write 


" 
Еъа = E 


qual to 
I 


ations for Esra 
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SO we get 


Pn — ФА = m "M mum 
A Ror r E Rr 0. 
50 flow in an electric 


Thus, a current can al 
difference across two 


Circuit when the potential 
arbitrary points of the circuit is zero. This is not 
really surprising if we recall the definition of 
electric current, i.e. the motion of charged par- 
ticles in one direction. Yet this motion need not 
be due to electrical forces. An electric current, 
for example, can be produced by à flux of charged 
sand particles falling through Earth's gravita- 
lionalfield or by а cloud of charged smoke par- 


licles being driven by the wind. 
lectric current can even run 


] to a lower one, as happens 
in a galvanic cell or other current source. 
xamples illustrate this. 


The following ё e А 
Water moves in the river due to a potential 
difference, while in a cup of tea slowly stirred 


by a spoon water moves too, even though there 
is no potential difference. When pumped from 
a well, water particles move against the potential 
difference, i-e- the force of gravity of water. 
3.18. The magnetic flux in a transformer core 
is not only produced by the current in primary 
coil, but БУ that in the secondary coil too. Accord- 
6 to Lenz's law the directions of the appropriate 
+. fluxes are opposite (shifted in phase 
80^), hence in the ideal case the resul- 
tant magnetic flux in the core must vanish. An 
increase in the load on the transformer is ac- 
companied by an increase in the primary coil 
current and in the magnetic flux produced by it. 


13* 
a 
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i and 
Simultaneously the secondary coil EXAMS The 
the "secondary" magnetic flux increas "these 
resultant magnetic flux changes within ed in 
limits and, as a result, the AC e.m.f. induc 
the secondary coil does not change. cross 
3.19. The absolute value of the voltage абез 
апу subcircuit of an АС circuit varies 100 


А the 
Tom zero to a maximum called 
реак voltage. 


nected in paral 
intermediate у 
mean-square (г. я 
ИЗ = 1.41 times lower than the peak ашо, 
If the moving-iron voltmeter reads 50 Ys Ше 

і і age is 50 x 1.41 V 


changes, the pointer will indicate t 
value of the current flowing through 


Trent being 


le coil and 
then through a moving coil placed inside the 


first one. Thus, the pointer moves Proportionally 
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th coils, i.e. to the 


t 
© the currents passing in bo 
in both coils it is 


S : 
m of the current since 
same. In this case if the current changes 


Miekly the pointer moves in proportion to the 
M square of the measured current. 
ia hereforo, if both ammeters read the same value 
in a DC circuit, then their readings will differ 
in an AC circuit. It can be proved using higher 
mathematics that these readings will differ by 
In fact, the mear 
can be calculated as 


; value of a pulsed current 


T/2 
Isin ot dt 
"EE Бы I 
Sor Qu. № 


T 


value of the pulsed current, 
lic) frequency of industrial 
AC, and T is the oscillation period. This expres- 
sionshows that the readings of a moving-coil 
ammeter in ап AC circuit with a peak AC value 
of I, amperes will be л times smaller than if the 
ammeter were connected to à DC circuit with 
a current of Jo amperes passing through it. 
the mean square of а pulsed 


Analogously: Í 
current with the same peak value is 


where Го is the peak 
© is the angular (СУС 


т/2 3 m 
{ гё sin? ot dt n = 


Is 

MM ae =% 

(5s T T д 
In both cases the upper integration limit is 
7/2, since the current only passes through an 


ammeter for half a period. 


p— 
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3 . of the 
This expression shows that the eroi ВВ 
electrodynamic device will indicate a valu 
is smaller by a factor of 
I$ CE. 
wy 4 


than the indic. 
if it were conn 


Thus, the read 


= пе 
electrodynamic ammeters which detect the зап 
current intensity in a circuit will differ 


s ich 
meter reading is true, whicl 


worthy? Obviously the answer 
will depend on th i 


irent C, application of the ammeter 
and the circuit it is connected to. 


For example, if it is necessary to control the 
current passing through an electroplating bath, 
with the unsmoothed current from a rectifier, 
then the ammeter Should be а moving-coil 
device, since the mass of t] 


the substance deposited 
during the electrolysis, like the reading of the 


ammeter, depends on the mean value of the 
current passing through the bath (since it is the 
first power of the current. Intensity in Faraday’s 
laws). 
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И one is interested in the thermal effect of 


ae eed current, the circuit should incorporate 
ii electrodynamic ammeter, since both its read- 
i £s and the amount of the heat released by a 
Urrent passing through а wire depend on the 
Mean square current (the Joule-Lenz law 
involves the square of the current). 

. 9.21. As a component, the loop B,AICA2B 
is part of complicated circuit, in which the 
cathode filament С is heated by current 7; and 


an anode current Га passes from battery Ва. We 
can see that the fraction of І, passes through 
ammeter 47 in the same direction as Ir, while 
in ammeter A2 the anode current opposes Tr. 
If both ammeters pass the same fractions of 
the anode current. then 
I, = I, + 0.51а and Ts 
whence it can be seen that Д, # he i 
3.99. The cathode filament s temperature is 
controlled both by the heat released by the current 
flowing through it d by the way it is cooled. 
While the switch is off, the filament is sur- 
rounded by a space charge cloud and the number 
of electrons emitted from the metal to vacuum 
is equal to the number of electrons returning 
from vacuum to the filament. When the switch 
is on, all the electrons (only a fraction at a low 
odo voltage) are “sucked out" from the filament 
hode-anode" field. There remains only 
‘опа! flux of electrons from the metal 
acuum and the loss of heat by the filament 
at capacity of its terminals and via 
is added by the loss of the energy 


radiation 15 
carried away by fast electrons and partly expended 


ышта 0387. 
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" is 
in their detachment from metal. It is i 
effect, which leads to the temperature 

after closing the Switch. to 
hree coils in parallel] wound on und 

Single coil can be considered to be a coil wo ker 

У а wire with a cross Section three times purus 

than a single coil, When plugged into DC ma nt, 
this system will pass three times the dar 
Since the resistance of the coils in parallel Len 

e a third of a Single coil. Hence in the Me d. 
Source the magnetic field would be treble 


a 


ша 
than its resistance in oí 
- For example, the DC resistance 


to a resistance of 20 Ohm 


The AC impedance of a coil (the sum of its 
resistance and reactance) depends both on the 
resistance calculated by 


l 
R=e> 


turns in the coil, its size, 
number of turns 


] ls in parallel, the 
technical assistant had in fact Slightly reduced 


the resistance, while the System’s inductance 


number of 
turns and the coil shape have been left as before. 
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as an change in the resistance has almost 
eae fect on the impedance. Therefore the current 
D sumed by the mains and the magnetic field 

Side the coils do not substantially change 


either. 
The extra coils are useful because only a third 
h each coil, thus di- 


of the current flows throug: 
inishing the heating of each coil. . 
3.24. The fuse blew in the group fuse box in 


Phase 3 to our apartment. A 
Then why did the control lamp light? 
The answer is that when the po 

the switches and all the lamp? inside the apart- 

ment were left on (50 that this error would not 
be striking, the switches in Fig. 4.34 are shown 
n). Therefore, а control lamp 

received a voltage 


in the “ой” positio 
connected between and В гесе f a 
the neutral wire, with which 


from phase 2 and 4 te 
the lamp was connected via the apartment wiring. 
A more attentive and experienced observer 
would, of course have noticed that using the 
checking technique and а blown fuse in phase 2, 
when the control lamp is connected between А 
and B or А an Cat will light dimly since the 
lamps in parallel inside apartment No. 19 will 
provide some resistance. Had the fuse been whole 
the lamps would have been too bright since then 
the control lamp would receive а voltage 1.73 
times larger than the standard one, i.e. 380 V 
: of . 
inae In big buildings the AC power is sup- 
plied using the four-wire system. Therefore we 
can assume that the power was supplied to lecture- 
halls Nos. 1 and 2 as shown in Fig. 5.3.2. 
e circuit shows that, if fuse A in the “neutral 
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Wire” has blown, lamps L/ and L2 in the a 
lecture-hall will not light, unless another device; 
for example, an electric heater, in the € 
lecture-hall is Switched on. Then the honi 
and the lamps will receive the voltage fro 

phases Ph, and Ph, via operating fuses B and C- 


[e 
| | 
| [LH No. 2 
i 


Fig. 5.3.2 


It is also understandable Why the heater did 
not heat up fully, while 1 


amps were heated 
above normal. For example, if the Voltage be- 
tween the "neutral wire" and one phase is 127 V, 
then the voltage betwe 


resistance, while the seemingly loy -Power lamps, 
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Ll and L2, even though in parallel, have a 
Sizeable resistance. As a result, the heater volt- 
age will be low, while the lamps wil have 
arger than normal voltage. 

3.26. When plugged into the AC mains, а 
Moving-iron voltmeter indicates the effective 
Voltage. However, as was stated in the solution 
of Problem 3.19, the maximum of a sinusoidal 


Voltage is ИЯ zz 1.41 times the T.m.9. voltage. 
ge ia Ye the voltmeter will 


А capacitor in parallel witl 

para el wi 1 
be charged by a potential difference of 125 V X 
1.41 = 175 V. It is this value that the voltmeter 
reads, The rectifier in effect prevents the capacitor 
from discharging when the current reverses its 
direction. 


This phenomenon is well 
UPS S who are aware of the fact that the 


1 i tion of a filter 
voltage is raised by the introduction 3 
consisting of a choke and a capacitor into a 


E lida could have been formulated as 
dii experimental problem. It is essential therefore 
io ана capacitor with а high capacitance 
(some ҺЕ) and a voltmeter with a high resistance. 
If the resistance and capacitance are low, the 

as the professionals say, a 


known to electronics 


will have: ^ = 
Е tim constant, 1.6. the capacitor will 
uickly through the voltmeter result- 


ing in 8 otential difference lower than 175 V 
ing ss them. In very unfavourable cases the volt- 

ading may even be less than the effective 
n the mains, i.e. 


/3  15Vxy2 
"m Eat Y 1 j Y 2.88 v. 
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: AC 
where E, is the peak voltage value y 
mains (cf. the solution to Problem 3. of the 
3.27 Notwithstanding the naivety stress 
Sophism, we believe it is useful so as to uni 
the need to perform the same operations on 


; they 
dimensions, as on the numbers to which 
relate. 


3.28. The current 
plugged into an AC m 
their maxima and min 
taneously. We then 
voltage are in phase, 


ice 
and voltage in a M er 
ains can be varied so als 
ima will be reached pape 
Say that the current а] 


s ice 
This occurs if the weed 
only possesses resistance. The power consu 


by the device can be calculated from the formula 
P = IU, (1) 


where J and U are th 
voltage, respectively, а 
Examples ої devices With resistance only ar 


incandescent lamps and electric heaters. 
However, if a 


а coil or capacitor are plugged 
into an AC mains, the maxima and minima o 
the current and Voltage wil] Occur at differen 


the current and voltage are 
the formula for the 


k called the power 
factor: 


P = ЕИ. 


The power factor А is represented 
Ф Ја а phase shift angle betw 
voltage. б 
а of an electric motor have both 
resistance and reactance (which together make 
up its impedance). As a result th 


(2) 
as cos q, where 
een the current 


1e voltage and 


RR 
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Curre 
the ан out of phase after passing through 
for ih ings of the motor. The phase shift cosine 
е normal operation is 
ia ah SHOU 
IU — 320 Ў ХА ena 
ng to optimal 


orrespondi 
specifi- 


The value of cos Ф € 
n the motor's 


о А 

ок is indicated i 
does not con- 

on of energy, 


ged using the 


device sl у of the electrons. However, the 
operat prn in Fig. 1.33 would contradict, | if 
(cf. ре ‚ Ше second law of thermodynamics 
the roblem 2.25), since the process requires 
Bd spontaneous initiation of condensations 
; rarefactions" of t nic cloud. This 

s separation 


t the design 
conservati 
ld be chari 


Is : ^ 

of aL impossible as the spontar 

electrons or molecules into fast and slow ones 
the spontaneous 


i latter corresponding б. 
кои of a temperature difference). 
n evertheless, the law of thermody- 
in mies, asopposite to the first law, is not absolute 
e that it does not fully forbids the spontaneous 
» paration of molecules into fast and slow species 
г the initiation of density fluctuations (local 
| rarefaction ). It only states 

pabilities and that 


c k 

Lr sap and 
t the events have посева desired 
uctuation desired. 


this is lower the larger 

Due to the random nature of the motion of 

electrons, a potential difference may really arise 

Ies the ends of а conductor. However, as has 

wem pasted, ihe ар substantial 
probability, while at low 


Voltage has a low 
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voltages the capacitor will be discharged throug? 
the detector, since at low voltages the cariene 
voltage characteristics of all detectors are linon 
(cf. Fig. S.3.3) and there is no rectification effect- 


І 


i Linearity range 


years. 
3 Ariel, the hero in the Scientific fiction novel 
by A.R. Belyaev, could govern the way the 
molecules in his body moved by transforming the 
motion from chaotic to directed. This permitted 
him to fly in any direction. Unfortunately, the 
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entific fiction novel, 


effe Я " 
ct may only occur in a 561 
nd law of thermo- 


si : 
iie it contradicts the seco 
mics, 

violat be more exact, 

also den the second law of thermodyna 

Syste efies the law governing the 

Y reinen s centre of mass. In fact, 

à ce ot change both the value anc 

me ual of mass's velocity, since !n the Earth's 

s itational field it can only move (without 
ervention from without) with an acceleration 


B $ rected downward. MES i 
1 30. The discharge of a Leyden jar 13 oscil- 
ory since the helix wound around the spoke 


a у SP. 
in the jar together form an oscillatory circuit. 
ce the wire is resistive and the energy 15 


т 

icleased into the environment as electromagnet- 

3 Waves, the oscillations gradually damp. The 
ic field direction 


a maintains the magnetic · | 
vas ponding to the last oscillation swing that 
" Strong enough to break down the spark gap 

rough which the Leyden jar was discharged. 


Ariel's flying not only 
mics, it 


internal forces 
d direction of 


Ch. 4. Optics and Atomic Structure 


Бе However tempting Е arion’s technique 
i looking in the past of our planet, we have 
Spe OH that it will never be implemented. The 
HS a theory of relativity states that no material 
У can move relative to another one faster 
acuum, i.e. about 


than 

the velocity of light in а Y 
300,000 kms о 8 
fo, 10:@0уег, even this velocity is beyond reach 
rb t masses (e.g. electrons, 


odies with nonzero re$ 
molecules, as well 


Pro 
tons, neutrons, atoms, 
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: ut 
as pieces of metals, stones, etc). It turns 0 


that as its velocity increases the mass 0 
accelerated body increases, i.e. 


VET 


с 


where my is the mass of the body at rest (its 
Sl mass), v is 


over 100 times larger than their rest mass. 
Nevertheless, there are particles which move 
it, for example, the quanta 
i А lation or photons. Yet 
their rest mass is zero, This means that photons 
cannot be stopped. They 
manently in motion. A 
photon results in its destruction, 
that the velocity of a Photon 
is 300,000 km/s in any Coordinate system in- 
dependent of the relative Motion of the observer 
and the photon’s source, i.e. the Source of light. 
The uncommon kinematic (and dynamic) prop- 
erties of photons show that they are not “genu- 


in a vacuum 
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Ine" particles, they should really be called quasi- 


Particles, 

d 4.2. Heat is mainly transferred from an incan- 
escent metal to a man by radiation. Most of the 

Tadiated energy from а heated metal’s surface 
15 in the infrared rays which, like electromagnetio 

Waves in general are reflected by metals. This 


ik ay the clothes of foundry workers is metal- 
sed, 


4.3. As can be seen from Fig. 5.4.1, the man 
Can see the same part of his body, i.e. no lower 


bove the: floor, irrespective 
the man and the wall on 


than a distance H а 
of the distance between © - 
which the mirror is hanging: 


А will, 
4.4. This property, ор three flat mirrors at 


for example, be 


Possessed by a sys 
right angles to eac 
а cube with a сотто" 
consider the two-dimens!o 


1/2 14—01216 


h other (like three faces of 
mon vertex). First, let us 
nal case in Fig. 8.4.2. 
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The vector of the velocity of light e, can be 
decomposed into two components v; and Ys 
normal and langential, respectively to the pe 
mirror’s surface. When reflected by the firs 
mirror the v, component does not change, whi'? 
the normal component changes in sign to Vr 


Fig. S.4.2 


Since the mirrors are mu 
the у, component which 
first mirror, is normal to 
therefore when reflected by 
too changes in sign. By Contrast, у’ retains 
its direction. Thus, after two rellections both 
components of the vector e, had Changed in sign, 
therefore the vector e, is rotated by 180° while 
being shifted somewhat in the direction рег- 
pendicular to itself. 
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i i dimensions the vector ¢ is decomposed 
norm - components Vi. Vz: and Уз, which are 
Tes al to the first, second, and third mirrors, 

Spectively. Then when reflected from each 


Ppa only one component reverses its direction 
com ime, so after the third reflection all the three 
ve Ponents change their sign and the velocity 
ctor is rotated to face the opposite direction. 
riangular prisms mace py cutting à glass 


Cube in half with a plane passing through the 
ating from а single 


x of three edges origin? Si 
mi ex have similar properties. Here the role о 
irrors is played by the side faces. 

Both devices are called corner те 


с f 
orner reflectors were installed on 


rovers. The time it took light from an Earth- 
he reflector and back 


ased laser to travel to the 

Was used to measure the distance between the 

Earth and the Moon with very great accuracy. 
more mundane 


Corner reflectors find some me 
applications. For e* the triangular road 


Signs with red glass 
made by die-stam ping й 
Projections on the packs of the signs to form 
arrays of corner reflectors. W 
headlights illuminate the sign 


reflectors flash attracting the d 
and warning him. Cyclists mus 
know that the rear reflector 1n the metal casing 
on rear wheel splash guard is а corner reflector 
system. 
To sum up, note that a corner reflector can be 
irrors. Experimenting with 
them affords much , it is of interest to 
observe that, f our position, we 
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105148 
always see our reflected image (but only “up 
down”), 


ical 
4.5. We assumed that rain drops are spher 


(see the Solution of Problem 2.15): among A 
i same volume a ball passer, 
volume, Therefore, a ape 
in а vacuum Would be Spherical. However; js 
Sphericity and the den 
ecomes Stream-lineqd like a pear, The paie 
iti Tent points of the drop tà 
There may occur os 
one point and emission of rays 
another, 


ging one. The ray's x ri 
ауе4 as Shown in Fig. 5.4.9. 
ales that within a zone 
limited by the Circles А’р’ and CM the screen 
is illumined both by the rays Scattered by the 
lens and those Passing by tho lens and therefore 
the illumination in the Zone is higher than it 
would be without the lens, 

This phenomenon can be observeg in practice 
by placing glasses for the short-sighted on a sheet 
of paper in the sun light. А bright circle sur- 
rounded by a brighter fringe can be clearly seen 
and then the Paper illumined by the sun. The 
illumination within the fringes Will be at a 
maximum. 
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ni If a lens is placed in à medium whose re- 
makin index exceeds that of the material 
ing up the lens, then roles of the lens and 


М 


Fig. 5.4.3 
the ium wil exchanged. А biconvex lens 
mediuma will ue an air bubble in water), 


will as does É 
scatter rays (ар ill collect them. This can 


while a biconcave lens W : 
be deporte by a simple drawing (see Fig. 5.4.4). 


Fig. 5.4.4 


pe seen that when entering and leaving 


Jt can A 
f the lens is shown) a ray of 


a lens (only a part o 
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light is refracted towards the principal optical 
axis, parallel to which it was propagating, Dé 
4.8. The negatives of both photographs wil 
equal in density if the exposure is left unchang? 
The exposure is the quantity characterizing t- 
amount of light energy a photosensitive aped 
receives during photography. The exposure 
denoted by H and expressed via the product 


H = Et, (1) 


where E is the Ш 
film, and t is the ex 

The illumination 
directly proportional 
through the objective 
inversely proportional 


umination intensity on the 
posure time. = 
intensity of ап image 15 
to the light flux Ф passing 
lens from the object an 
to the image's area Sj: 
Ey (2) 


If the object (for example, a button on some- 
one’s jacket) reflects light uniformly in all direc- 
tions, then the light flux Passing through the 
objective lens is directly proportional to the 
solid angle subtended by the object at which 
the objective lens is seen: 


Ф ~ Ө. (3) 


Ву assuming the area of objective lens is So 
and the object to be a distance а, from the camera 
we get (Fig. S.4.5a) for the solid angle 


ө= So, (4) 
ag 


215 
By combining the three latter relations we 
have 
ME © 
Sia} * 


i However, the areas of the object, S,, and of 
is image, S,, are related thus 


RE! (6) 


j ive lens 
T ere ay is the distance from the objecti 
© 


the photographic film (see Fig. 5.4.55). 


Fig. 3.4.5 


By substituting the value of аз from (6) into 
6 we arrive at 


Е ~ SoS: So 


(7) 
$1501 5302 ° 


Since S, and 8, are both constant, 


vp (8) 


Both the first and the last equations can be 


Combined to yield 
t ~ ai. 


(9) 
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t 

However it follows from the lens formula, po 
the farther the object (i.e. the greater 45), a'S 
shorter the distance 4, must be from the camera 
objective lens to the film. ‚ ше 

Hence, the farther an object is the smaller 
exposure must be and vice versa. :ch has 

This is only true of a studio camera which a 
а large focal distance. For small cameras Й M 
Situation is different, As a rule, the distano- 
from the camera to the objects is many Qu 
longer, than its focal distances. Therefore И 
all cases a, practically coincides with the foca 
length (generally, 50 mm) and, hence, by relation 
(9), t turns out to be constant. f 

4.9. If the front (facing the object) surface 0 
the cornea is flat, the focal length of the ey? 
is the same in both air and water. As a result 
rays coming from distant objects (i.e. parallel 
rays) are not refracted by the cornea. Thus, ey? 
can see distant objects equally well in air and 
water. 

4.10. In each period of time each frame has 
the image of separate phases in the motion of 
the body. The human 


, i eye is such that if one 
frame is quickly changed to another the sepa- 
rate motion phases merge to produce ап impres- 


sion of a continuous motion, 

The frames in a motion Picture change 24 
limes a second. Suppose in a 1/24th of a second 
É Shown for convenience 
in Fig. 8.4.6 as having only two spokes, OA, 
and OB,, rotates so that the spokes move from 
A,OB, to А,ОВ,. The eye will perceive the wheal 
to have rotated clockwise through an angle о. 

If the vehicle moves faster between frame 


manges in the movie camera the wheel w 
qete through a substantially larger апр е. 


"ОВ: in the 
le spokes will e to А’ОВ, as shown т 
figure bottom right). Since the ends of both 


A 


D q 

B, 8775, 

Ai B Ai 
© Qo 

Bi B, 2 
Fig. 3.4.6 


Spokes are identical, the eye astutus ips 
Ceives the rotation through angle 1 4з d 
ave been through angle 4:0B;. Аза хаш 1 
Wheel rotation seems to be moving anticlockwise. 

It can be seen that the paradox arises a 
frequencies such that during a frame charge i T 
Spokes rotate through angles larger than ha 
the angle between adjacent spokes. Therefore 
for a constant shooting frequency and constant 
carriage velocity wheels with different numbers 
of spokes will seem to be rotating in opposite 
directions, as can sometimes be seen in the cin- 
ema. Occasionally the rear wheels of a carriage 
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have more spokes than the front wheels and 
appear to rotate in the opposite direction. ial- 
4.11. After passing through the eye’s crys 16- 
line lens a parallel beam of rays leaving wed 
Scopeeye-piece converges to form the objec 
image on the eye's retina. ints 
4.12. The argument was correct at all pou 
except for the final conclusion. Telescopes 1p 
fact, do not enlarge the image of stars, never 
theless they do assist astronomical observations. 
Progress in astronomy accelerated after 1609, 
when Galileo pointed a telescope at the sky- 
_ The reason for using a telescope to observe stars 
15 not to get an enlarged image, but to increase 
the light flux incident on the observer's eye 
from the object under Observation. A tele- 
Scope increases the light flux retina by as much 
as the area of the telescope's collecting lens 15 
larger than the pupil. 
A giant telescope was recently commissioned 
nion with a diameter of 6 m. 
areas of its mirror to an open 
pupil is about 
St dt 42 600 em 42 
з= (6) = (0а, ) = 360,000. 


Thus, the light flux on an observer's eye is 
360,000 times as much collected by the naked 
eye. Therefore a telescope makes objects which 
are not observable with a naked eye available 
to observation. 

4.13. At very small diameters of the objective 
the light is diffracted due to its wave nature. 
This phenomenon results in diffused image bound- 
aries, thus deteriorating its quality, 
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woe Ways of constructing devices that gener- 
iny nergy beams have been thought up by many 
entors, but none succeeded. This is not simply 
(А luck. The construction of the hyperboloid 
a Tolstoy should have called Garin s device 
inp taboloid since the description in the novel 
bl Olved parabolic not hyperbolic mirrors) is 
ocked by a number of serious obstacles. 
irst, it is difficult to find an adequaterefracto- 
material to manufacture the mirrors because 
po тог reflecting a powerful beam must itself 
leated up to а high temperature. 
th Second, it is not clear what fuel is used to feed 
te hyperboloid, it must hold a colossal amount 
energy in a small volume, otherwise the hyper- 
Oloid would be a harmless toy. Yet the gravest 
isadvantage is the difficulty of generating 
Narrow beams of light that will travel long dis- 
ances. This difficulty is due to the wave nature 
of light: the narrower the light beam, the more 
Pronounced the diffraction which smears it. 

е phenomenon of diffraction prevents the 
Zeneration of narrow beams of light using any 
technique dreamt of by Garin, i.e. mirrors, 
diaphragms, lenses or any other geometrical 
optical device. 

Whilst this argument is valid for the device 
ased on the principles of geometrical optics. 
lowever, two Soviet scientists Nikolai Basov 
(b. 1922) and Aleksandr Prokhorov (b. 1916) 
and the American physicist Charles Townes 
(b. 1915) independently invented devices in 
which pre-excited atoms radiate stored energy 
practically at once (this is the so-called coherent 


a” As a result, a very narrow, almost 
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nondiverging beam of light is produced. The 
radiation energy density within the beam is es 
high that the beam can easily punch throug” 
wood a few centimeters thick several meters 
away from the generator. Now these lasers OT 
quantum generators have been used to determine 
geographic and astronomic distances with breath- 
taking precision (cf. Problem 4.4), drill holes 


Fig. 5.4.7 


in hard jewel stones and metals, 
operations, particularly, on human eyes. The 
applications of lasers are expanding incessantly- 

4.15. Let us trace one of the rays leaving the 
source and incident at an angle f, on the inside 
surface of the light concentrator. To simplify, 
let us consider the two-dimensional (flat) case 
(see Fig. 5.4.7). 

From the triangle AOB we find 


and in surgical 


B, = 180° —(ZBAO + ZAOB + ZOBM). 
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Sin 
40 m aN and BM are normal to the sides 
СВАО О, respectively, then 

Th = 90° В: and ZMBO = 90°. 
Не at the vertex of the cone АОВ = а. 
ore we have 
= В: а, 


An 
тедопа1060081у, we сап show that after the third 
on the angle p, will be 
у = В, — а = В, — 20. 
nd 
B after the nth reflection 
n В, — (n —1)2. 
fy 008, after each reflection the reflection angle 
sp creased by the same value; therefore, irre- 
ti ective of the value of © at some stage the reflec- 
i оп angle will be zero and then become negative, 
.е. reflected rays will turn back to the base 
of the cone. 
By making Bn =9 № can calculate how 
Many reflections are needed before rays incident 


at an angle p, turn back: 


of the cone will be only 
le fraction of rays that 
long the axis of the 


The smaller opening 
reached by the negligib 
is emitted by the source à 
cone. 

The argument can be supported by an accu- 
rate drawing. Our figure demonstrates that after 
the fourth reflection at the incident ray turns 


to the broader opening of the cone. 


p 
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Note that sometimes i n 
: а charged particles beha 
in magnetic fields like + i app? 
in a mirror cone. den decis 
Figure S.4.8 illustrat i i ario 
А ез a simplified operati 
d ne so-twlled "magnetic bottle". The magnetit 
ines approach each other in а cone-shape 


Fig. S.4.8 


form and force the tr RIS 

along involved таја T ide ipi 
wards. Regions limited by the lines ff eg f 
the magnetic field of the Earth are E ИВ 
bent tubes narrower at the poles (Fig S49 TH e 
charged particles trapped by these "üben EA. 
from one pole to another to Produce radiation 
belts around the Earth. 18D 

To summarize, we want to say that vari 

schemes of controlled thermotincleat EGO 


ge р “ 
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уо]уе Plasma heated to millions of degrees 
entigrade and isolated from the walls of the 

aining vessel by magnetic bottles, magnetic 


Fig. 3.4.9 


Plugs or other setups based on the principles 
illustrated in Fig. S.4.8. 
16. The perception of a colour by an observ- 
er's eye is not governed by the wavelength de- 
Pending on the refraction index of medium, but 
by the frequency of the electromagnetic oscil- 
lations which affect the optic nerve endings. The 
frequency does not change on transition from 
one medium to another since it is determined by 
the source of light and not the medium. Е 
erefore a colour sensed in air as red is per- 
ceived as red in water, too. 

417. The particles of tobacco smoke scatter 
the light incident on them depending on wave- 
length. Rays with short wavelength, i.e. violet, 
blue, and dark-blue are scattered most. Long 
wavelength rays from the opposite end of spec. 
trum are scattered less, since the diffraction, 


: $ S viz. 
light bending round obstacles, is more character. 


E 
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istic of them. Therefore a beam of light puc 
through a smoke cloud is dominated by red loud 
By contrast, when observing a smoke © we 
from the side of the source or on the uh 
mainly see the short-wave rays and the sm 
seems bluish. ight 

The dependence of the absorption of He 
rays on their colour is always taken into gp ee 
in practice: accident and hazard-warning lig re 
have red filters (red traffic lights) and to wn b 
black-out (for example, during a war) room illu 
mination is done by blue lamps. 

As to the true colour of smoke, this must be the 
colour of the microscopic unburnt particles 0 
carbon which make up the smoke, i.e. black- 

4.18. As was mentioned in Problem 4.16, the 
wavelength corresponding to red is about 
0.65 pm. Green has а wavelength of 0.55 р. 


Thus, the wavelength shift due to the Doppler 
effect would be 


0.55 pm _ 
-0.65 ра = 0.85. 


This means that the frequency of electro- 
magnetic oscillations falling on the driver's 
eye must have increased 1/0.85 = 1.18 times, 
i.e. by about 20%. Such an increase in frequency 
is only possible at the velocities of about 20% 
that of the velocity of light, which of course is 
beyond the reach of any driver. The minimum 
velocity at which the Doppler effect starts to be 
detectable using very sensitive optical devices 
is 500 m/s, this too being far beyond the range 
of a normal car. 
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orga. Consider a collecting lens with a source 
о ight positioned at point A on its principal 
ptical axis (Fig. S.4.10a). On passing through 
® lens, the velocity of the light quanta and, 


ЭР р 


Fig. 8.4.10 


consequently, the magnitude ра Se ae: 
Nestor Oe eee ES the momentni vector 
ud е the source of light is at a ck ti 
changes. the lens then the projection 
ET ral p oon eun vector onto the optical 
of the вв light passes through the ма 
axis before te after (thigioan be easily proved 
ae triangles and taking in eal 
using Si 5 the momentum component along 
oe De cements has been increased, the lens 
the о 


p" X 
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in the 

n 
itself must have received a анаа a 
opposite direction, i.e. towards the so 
light! 


the 
For d >2F the lens will be exposed to $ 


Fig. 
force В directed away from the source ( 
8.4.10b). Of c 


ctly 
ourse, the lens must be т. 

transparent and must not reflect light, the 
relation will be true.15) 


E š act 
e can see that the source of light will attr 
any optical s 


to possess this property 
Unfortunately, their ef 


Y long-focus lenses needed to pul 
a vehicle towards the 


Sun over distances of the 
order of millions of ki 


lometres. We have been 
interested in the Principles, 


anergy as electromagnetic 
radiation. Depending 


9n the frequency, an 
colour. 


In metals, due to thermal excitati 
the electrons farthest from nucleus ( 
these are called valence electrons) с 


on energy 
in chemistry 
an easily pass 


15 an easily show that if the Source of light is 
on ths bei optical axis, the total change in the mo- 
mentum of light incident on the lens in the 


dicular to an optical axis vanishes. Th 


Cn apetinaurdd os, Je Miro 


plane perpen- 
erefore the lens 


X nine tainted 
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to an r 

ground str state and back to the normal or 

form ate, thus liberating the energy in the 
hie light. 

Here d uud the case with quartz and glass. 
Omic e electrons are tightly bound with 
State Ad and only change their energy 
uminescon, difficulty. To produce noticeable 
2A The needs a much higher temperature. 
relative "rud theory of relativity forbids the 
at а vel isplacement of two material objects 
the int ocity exceeding that of light. However, 
и point of two rulers is only a 
eR rical image whose velocity (relative to 
5 pone or any other object) is not limited by 

Ne eory of relativity. А 
rin vertheless it first seems that placing а metal 
g at the intersection point (Fig. 8.4.11), we 


Fig. 5.4.11 


would find a contradiction with the theory of 
relativity since a material object associated with 
a geometrical point of intersection must move 
with it and at the same velocity at that! 
However, don't forget 
relativity, an increase iD t 
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brings about change in its mass, i.e. 
mo 


= (see Problem 4.1). 
yg 


т = 


Thus, as the moving ruler gradually accele- 
rates the mass of the ring builds up, so orig 
increase in its velocity (and hence that of the 
tuler) becomes more difficult, while the attain- 
ment of the velocity of light is impossible. 

Here is what M. Gardner, a famous American 
popularizer of science wrote in Relativity [07 
the million, which we suggest everyone interested 
in physics should read. 

"Although signals cannot besent faster than the 
speed of light, it is possible to observe certain 
types of motion that, relative to the observer, 
will have a speed faster than light. Imagine à 
gigantic pair of Scissors, the blades аз long as 
from here to the planet Neptune. The scissors 
begin to close with uniform speed. As this hap- 
pens, the point where the cutting edges intersect 
will move toward the points of the scissors with 
greater and greater velocity. Imagine yourself 
sitting on the motionless pin that joins the blades. 
Relative to your inertial frame, the point of inter- 
section of the blades will soon be moving away 
from you with a speed greater than that of light. 
Of course, it is not a material object that is 
moving, but a geometrical point. 

Perhaps this thought occurs to you: Suppose 
that the handles of the scissors are on the earth 
and the point of intersection of the blades is at 
Neptune. Аз you wiggle the handles slightly, 
the intersection point jiggles back and forth, 
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DUM you not, then, transmit signals almost 
ре antaneously to Neptune? No, because the 
x рон that moves the blades has to pass from 
ms ecule to molecule, and this transmission 
у ust be slower than light. There are по absolute- 
y rigid bodies in general relativity. Otherwise 
you could simply extend a rigid rod from the 
earth to Neptune and send messages instantan- 
eously by wiggling one end. There is no Way that 
the giant pair of scissors, OT any other type of 
So-called rigid object, could be used for trans- 
mitting a signal faster than the speed of light. 

4.22. As the velocity of the right-hand lever 
approaches the velocity of light, the mass of the 
lever increases infinitely (cf. the solutions to 
Probleme 4.4. and 4:21) чала this prevents it 
from reaching the velocity of light, to say noth- 
ing of exceeding it. 

Б об oreo alealation convincingly demons naire 
the absurd conclusions that can be drawn by 
mechanically applying mathematical formulas 
without seeing into the underlying physics. 

Radium is a member of a radioactive family. 
In the chain of transformations it comes between 
thorium which decays to radium, and radon which 
is the decay product of radium. The radium 
now on Earth is not the remainder of the colossal 
initial quantity calculated in the problem. 

At present we know of three natural radio- 
active families. These are the uranium, thorium 
and actinium series which are named after the 
first member in the chain of transformations. 
A fourth, the neptunium, family is composed of 
artificially produced isotopes not found on the 
Earth. Due to their fairly long half-lives, the 
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Progenitors of the first three families can be found 
in nature. Their half-lives are 


uranium 4.5109 years, 
thorium 1.4 Ж 1010 years, 
actinium 7.15108 years. 


а gas contained in а 
piston-plugged cylinder. As long as the piston 


is at rest, the average velocity of the gas mole- 
(if, of course, there is 
as), since the collisions 


and the velocity after 
a collision remains unchanged. 

is pushed into the 
ant velocity и, then 


e to the piston. 
3 with a velocity 
Iter the reflection 


elative to the 
cylinder is и + (и + v) = v + 2u, i.e. it в 


Charged particles are accelerated in space in 
the same manner. If a proton flying away from 
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ate ies at a velocity v arrives at an agglomer. 
nterstellar gas carrying a magnetic field 


— v+2u 
ZUM UC E, 
Fig. $442 


A moving with a velocity и towards the Earth, 
field after being “reflected” by the magnetic 
E d (Fig. S.4.12) the proton will return to the 

arth with a velocity v + 2u- True, the proton 
can be trapped by а magnetic field whose velocity 


Vector is oriented outward of the Earth and can 
act calculation dem- 


onstrates that the moving particles meet, per 
than decelerating 


unit time, more accelerating 
fields, so the net e 
4.25. Nuclear reactions, 
are classed into those that release energy, exo- 
thermic reactions, and those that absorb energy, 
endothermic reactions. The first reaction in the 
problem is exothermic and proceeds spontaneous- 
ly. The second reaction is endothermic and for 
a proton to transform to а neutron, positron, 
and neutrino requires a huge, оп а microworld 
scale, amount of energy- 
According to the modern concepts resulting 
from the theory of relativity, an increase in the 


р < 
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arge is a unity larger 
: leus, and the daughter nucleus 
is one cell to the right of the parent nucleus in 
the periodic table, 


During a positron B-decay the fo] 
tion takes place in a pare 

ip — п пе, 
after which the neutron is left in th г 
nucleus, while both the Positron and s e 
are ejected. Thus, a positron B-decay decreases 
the nuclear charge by unity and the daughter 
nucleus lies a cell to the left of the Parent nucleus. 
Electron decay occurs In neutron-rich (proton- 
deficient) nuclei, while the Positron reaction 
occurs in proton-rich (neutron-deficienty nuclei, 
The reactions were treated in Problem 4.25. 


ала 2 п 


lowing reac- 
nt nucleus 


